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PREFACE 


This volume is the first collection of scholarly articles in any modern 
language devoted to Aristotles De caelo. It grew out of series of workshops 
held at Princeton, Cambridge, and Paris in the late 19905. The project was 
one of international collaboration; and in our opinion, the level of insight 
and sophistication reached could not have been attained by any single 
scholar. The many advantages of this collaborative effort are, we believe, 
palpable in this collection; and we hope that this volume will prove an 
effective tool for teaching and scholarship. Since Aristotles De caelo had 
a major influence on cosmological thinking until the time of Galileo 
and Kepler and helped to shape the way in which Western civilization 
imagined its natural environment and place at the center of the universe, 
familiarity with the main doctrines of the De caelo is a prerequisite for an 
understanding of much of the thought and culture of Antiquity and the 
Middle Ages. 


Alan C. Bowen 
Christian Wildberg 
Princeton, NJ 
March 2009 
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INTRODUCTION 


The ancient cosmological myths and theories of Western civilization 
from Hesiod and the Bible to Lucretius and Plotinus profoundly influ- 
enced the way in which large parts of humanity have thought and con- 
tinue to think about themselves, their past, and their future, as well 
as their place in the universe. For scribes and scholars, scientists and 
philosophers throughout the ages, two towering cosmological works 
were of preeminent importance and influence, Platos “dialogue” Timaeus 
and Aristotles response to it, the physical tractate De caelo (On the 
Heavens). For centuries after their composition in classical Athens, these 
two works initiated a lively and increasingly sophisticated ancient and 
medieval cosmological debate. Their profound intellectual influence 
extended well into the 17th century. 

Whereas Platos Timaeus starts out as a dialogue, it quickly mutates 
into an elaborate cosmological narrative that presents in deceptively tra- 
ditional form a mélange of Platonic speculation with the latest discover- 
ies of mathematics. The narrator, however, presents his account not as 
a matter of simple fact but as a likely story (eixwc uddos, 29c-d). Pre- 
cisely what this means is a matter of contention. It may mean, for exam- 
ple, that Plato’s cosmology fails to count as knowledge because it proffers 
only approximations, preliminary explanations that wait to be surpassed 
and improved by the theories of future experts; or it may mean that, 
according to Plato, any cosmology is going to be epistemologically defi- 
cient because the objects of the physical world that it deals with are nec- 
essarily but fleeting likenesses of certain other items which alone are the 
objects of epistemic certainty. In any case, one of Aristotle's goals in his 
De caelo (which cannot have been written very long after the Timaeus as it 
bears the hallmarks of an early Aristotelian work) is to formulate a critical 
response to the “unscientific” character of his teacher’s natural philoso- 
phy. Aristotle is explicit about his desire to give a rigorous and scientific 
theory of celestial phenomena broadly conceived—phenomena that are 
so patently obvious yet at the same time too remote for direct empirical 
study. However, with the help of observation, speculative common sense, 
well-chosen analogies, and mathematical reasoning, he strives to offer 
something that amounts to, or at least promises, the certainty expected 
of a comprehensive scientific account, and is not just a story of any sort. 
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Whereas Aristotles Physics offered an in-depth analysis of central 
notions of any physical inquiry, such as matter and form, causation, 
motion, time and space, the De caelo is born out ofa subsequent ambition 
to understand the universe in its entirety. In fact, the range covered by the 
inquiry is captured nicely in the ambiguity of its title in Greek, IIeoi où- 
oavoð. For some parts of the treatise deal with the nature and movement 
of the sphere of the fixed stars that encompasses the geocentric universe; 
other parts deal with the planetary movements and other phenomena in 
the region between the sphere of the fixed stars and the Moon; and other 
parts again concern the universe as a whole (including the Earth) and 
the natural motion of all the elementary bodies in it. The same ambigu- 
ity is found in the Latin “caelum”; hence, the Latin version of the title of 
Aristotle's treatise, De caelo, is felicitous. The standard English translation 
of the title as On the Heavens is, however, only partially successful since 
our “heavens” does not include the sublunary world, as “oveavoc” and 
“caelum” may. 

A number of works have been published in the last decades on the 
Timaeus, but there are only a few probing studies of, or commentaries 
on, the De caelo itself." It was not, however, our intention in conceiving 
this collection to offer a comprehensive running commentary on that 
work. To be sure, the De caelo does contain fascinating material bear- 
ing on questions of Aristotles scientific methodology as well as highly 
influential and perplexing trains of thought the study of which can con- 
tribute much to our understanding of Aristotles philosophy of nature. 
But there is also much that is plainly straightforward and of less philo- 
sophical interest as to warrant comprehensive commentary. So, rather 
than covering every aspect of the treatise, we thought that it would be 
useful to provide a collection essays on the De caelo that address chal- 
lenging issues in the De caelo by acquainting the reader with some of the 
latest and most exiting aspects of current scholarship on Aristotles natu- 
ral philosophy. Thus, the present collection is designed to provide useful 
in-depth discussion of some important ideas, or of difficult passages and 
chapters in the De caelo, and thereby to deepen the readers understand- 
ing and critical appreciation of Aristotles cosmology. 


! We should point out that there is a good translation into English with notes by the 
late Cambridge scholar W.K.C. Guthrie, published in Harvard's Loeb collection in 1939, 
and a more recent annotated text and translation of books 1 and 2 by Stuart Leggatt 


(1995). 
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Accordingly, in the initial paper of this collection, Thomas Johansen 
reflects on the fact that the De caelo stands as a critical rejoinder to 
Platos Timaeus. To understand the nature of this response, Johansen 
undertakes a careful comparison of the two treatises, paying attention 
first to the scope and subject matter of the two works, and then to the 
seeming absence of the world soul in the cosmology of the De caelo. 
By examining the role that these two works assign to soul in explain- 
ing why the heavens move as they do, Johansen brings to light far- 
reaching differences regarding the relation of soul and body, the nature 
of motion and the sense in which motions are said to be natural, as 
well as the place of teleology in the Platonic and Aristotelian exposi- 
tions. 

Next, Sarah Broadie carefully examines Aristotles “general” attack on 
the thesis in Platos Timaeus that the cosmos came into being and will 
never cease to be. This general or dialectical attack proceeds on two 
related fronts. In the first, Aristotle argues that what always is (or what 
always is-not) cannot ever not-be (or be). In the second, he maintains 
that, if something is yevqróv (scil. has come into being, can come into 
being, or must come into being), it is also pdaoTóv; and that, if some- 
thing is pdaoróv (scil. has ceased to be, can cease to be, or must cease 
to be), it is also yevqróv. Though, as she shows, Aristotle's arguments 
ultimately fail, Broadies explanation of why they fail brings to light an 
important moment in the understanding of key modal concepts. 

In the third paper, Rob Bolton asks a fundamental methodological 
question that has puzzled many readers of the De caelo, "How can Aris- 
totle on some occasions dismiss arguments that posit and apply explana- 
tory principles without regard for the perceptual phenomena and yet on 
others offer arguments of just that sort?” According to Bolton, Aristo- 
tle is not inconsistent. Rather, in the De caelo (as elsewhere in his writ- 
ings), Aristotle distinguishes scientific argumentation that draws on per- 
ceptual phenomena and proceeds to conclusions from well-established 
causal principles, and dialectical argumentation which does not require 
detailed, specific knowledge ofthe subject at hand but draws on common, 
general ideas that are credible to us and reaches conclusions by logical 
inference. Yet, as Bolton explains, Aristotle does recognize the limitations 
and uncertainties of dialectical argument in physical theory and regards 
it as inferior to properly scientific argumentation. But he still holds that 
dialectical argument is indeed warranted so long as the relevant phenom- 
ena of the heavens are inaccessible to us or when fundamental assump- 
tions of physical theory are at issue. 
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Next, Jim Hankinson analyzes one of Aristotles most notorious contri- 
bution to cosmological theory, his various arguments for the existence of 
a fifth elementary body, aether, the nature of which is to move in a circle. 
Hankinsons aim is to show that there is a way of construing these argu- 
ments which does for the most part avoid confusing two critical senses 
of contrariety lurking in the distinction of the natural and the unnatu- 
ral: one in which x is contrary to y as upwards is to Tuesday, and another 
in which x is contrary to y as upwards is to downwards. In the course 
of his analysis, Hankinson focuses on the problem posed by Aristotle's 
assertion in the Meteorologica that, when fire reaches its natural place, 
it is drawn around in a circle by the aether immediately above it. As he 
goes through the arguments, Hankinson asks whether this motion of the 
fire-sphere is natural, unnatural, or preternatural for Aristotle. 

In the fifth article, Mohan Matthen turns to Aristotle’s doctrine of 
natural place. Specifically, he sets out to determine what Aristotle means 
when he attributes existence and power to the natural places to which the 
four elementary bodies (earth, air, fire, and water) move. The problem 
is that these places are but the innermost, motionless boundaries of 
what contains the elementary bodies when they are said to be in their 
nature places, and that place is not a cause. Taking earth as his example, 
Matthen argues that the claim that earth is what is at rest at the center of 
the Totality (tò x&v) entails the claim that earth moves to the center if 
unimpeded. Given this derivation of the nature of earth's motion from its 
form (which is static), Matthen then demonstrates that the place at which 
the earth comes to rest exists in the sense that the innermost surface 
containing the earth belongs to the Totality, itself a proper substance. He 
proposes, moreover, that this place to which earth moves by nature has 
power which is manifested in the (eternal) stability and impassivity of the 
Earth. 

Mary Louise Gill likewise focuses on Matthens question about the 
locomotion of the sublunary simple bodies or elements. After a brief 
exposition of how Aristotle understands the phenomenon of change 
in general, she turns to how he defines these elements as such and 
introduces their differences in lightness and heaviness. Then, Gill shows 
how Aristotle distinguishes the motions of these simple bodies from 
enforced motions and from the motions of self-movers (e.g., animals). 
She argues that, in his view, these four internally undifferentiated bodies 
have only a material nature to move up or down (but not to rest)—thus 
disagreeing importantly with Matthen—and that the form and final cause 
of their locomotion (viz. the place to which they will move if unimpeded) 
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is external to them. Gill concludes by shedding light on Aristotles claim 
that the four elements, though not substances in the final analysis, are 
most like them. 

In the seventh paper, Pierre Pellegrin examines Aristotles contention 
that the universe is spherical in shape and the extent to which this con- 
tention is based on perceptual information. But first, as preparation, 
he states his opposition to the idea that the inquiry undertaken in the 
De caelo is astronomical rather than physical, by noting that the phys- 
ical theory of the De caelo draws on contemporary astronomical the- 
ory to confirm or support its conclusions, and then by commenting on 
some problems that arise when one considers the question of the rela- 
tion between physical and astronomical theory more generally in the De 
caelo and in the Aristotelian corpus. He also attacks the idea that in the 
De caelo Aristotle downplays the role of observation in the physical the- 
orists study of the heavens and valorizes reasoning from the study of the 
sublunary domain. To the contrary, Pellegrin holds, in the physical the- 
ory of the heavens, arguments involving direct perception are preferred: 
since, however, such arguments are not always feasible, the physical the- 
orist is obliged to draw on analogies with items and principles evident in 
the sublunary world and even to offer dialectical arguments, all as a sec- 
ond best. When he comes to the sequence of arguments for the sphericity 
of the universe, Pellegrin discerns two theses at issue—that the exterior 
envelope of the universe is spherical and that the universe is spherical by 
virtue of its being comprised of a series of spherical shells. He analyzes 
the interconnections between these two theses as they are presented in 
each of the arguments, and assesses their cognitive worth by looking at 
the extent to which each thesis is established using perceptual evidence. 

Most readers of the De caelo will be puzzled by Aristotle’s contention 
that the heavens have a left and a right. In the eighth paper, Jim Lennox 
looks carefully at Aristotle's argument for this claim and explains both 
how and why it draws on the study of the motions of animals in De incessu 
animalium. Lennox concludes by explaining that Aristotle engages in this 
seemingly peculiar sort of argumentation because of the supreme value 
he puts on knowledge of the heavens, and because he wishes to counter 
claims made in the Timaeus and by Pythagoreans, and to show at the least 
how one should approach such questions. 

Whereas Lennox focuses on Aristotle's use of his study of the motion 
of animals to illuminate the directionality of the motions of the heavens, 
Mariska Leunissen considers Aristotle's adaptation of teleological prin- 
ciples found in his biological works to the cosmology of the De caelo. 
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She argues that this cosmology is intended to be a proper physical sci- 
ence, which entails that it include teleological arguments. She observes 
that, unlike those in the biological works, the teleological arguments 
in the cosmology do not mention final causes—the evidentiary basis is 
too slim to permit that—but rely solely on such principles as the prin- 
ciple that nature does nothing in vain or that nature always chooses 
the best of a number of possibilities. The upshot, she maintains, is that 
the teleological arguments found in the cosmology, though fully scien- 
tific and rooted in perceptual data, are nevertheless qualified as reason- 
able (rather than offered as true simpliciter) precisely because the final 
causes are unknown, and thus that these arguments bear all the linguis- 
tic markers which Bolton and Johansen take to signify philosophical or 
dialectical argumentation. She distinguishes two main types of teleolog- 
ical argument in the De caelo—those independent arguments in which 
the presence of some feature is explained and those arguments in which 
the absence of some feature is explained—and shows in each case how it 
draws on teleological principles evident in the biological works and yet 
differs from the sort of argument found in those works. 

The concluding paper by Gad Freudenthal takes the reader in a new 
direction. To this point, each of the papers has aimed to supply a philo- 
sophically sound reading of some difficult passages or issues in Aristotle’s 
De caelo. Freudenthal likewise starts with a difficult problem in this trea- 
tise, the tension in Aristotle's account between his distinction in the mat- 
ter and nature of the superlunary and sublunary domains, and his con- 
tention that the Sun is an efficient cause of change, including generation 
and corruption, in the sublunary world. But what concerns Freudenthal 
is not whether we or he can develop a sensible resolution of this tension, 
but how and why later medieval thinkers elaborated Aristotle’s account 
of the Sun’s causal efficacy to include a providential system in which all 
the heavenly motions share this function, and to do this in way that risks 
lending support to astrology. His main focus is on Alexander of Aphro- 
disias and how this great defender of Aristotle adapted and generalized 
key notions in ways not originally intended to address the question of 
why the sublunary elements persist. As Freudenthal shows, Alexander 
argued that this is the best of all possible worlds and that the persistence 
of species and the presence of soul in the sublunary world is the guar- 
anteed outcome of a divine power (otherwise called “nature”) that flows 
downwards to the sublunary world from the heavenly bodies and is con- 
figured by their motions, where these motions are caused in turn by God, 
that is, the Unmoved Mover qua Active Intellect. Freudenthal concludes 


INTRODUCTION 7 


by showing how Averroes built upon Alexanders argument by further 
adapting select astrological tenets in order to extend the providential role 
of the heavenly bodies and their motions in the governance of the cos- 
mos. 

To enhance the utility of this volume, we have supplemented it with 
an extensive bibliography that not only includes the works cited in the 
papers, but also lists the manuscripts of the De caelo along with those 
of the primary medieval commentaries on this text, as well as scholarly 
monographs and articles pertinent to the study of Aristotle's cosmology 
today. Since others may wish to supplement it, we have decided to main- 
tain it online (www.ircps.org/dir/bowen.htm) and to invite our readers 
to send us updates and corrections as they see fit. 


FROM PLATO'S 
TIMAEUS TO ARISTOTLE'S DE CAELO: 
THE CASE OF THE MISSING 
WORLD SOUL 


THOMAS K. JOHANSEN” 


1. Introduction 


No work by any other philosopher is cited more often in the De caelo 
than Platos Timaeus.' The preponderance of references to his teacher's 
dialogue on cosmology should come as no surprise: as the foundational 
work in teleological cosmology, the Timaeus is the natural reference point 
for the kind of natural philosophy Aristotle seeks to develop. Yet, as often 
in Greek philosophy, debt is the mother of polemic and Aristotle's overt 
treatment of Plato in the De caelo is predominantly negative. I shall not 
here attempt full coverage of all aspects of the De caelo’s engagement with 
Platonic cosmology.” Such a project would require a more comprehensive 
and detailed reading of the De caelo than a single chapter allows. Instead, 
I shall characterize the relationship between the cosmologies of the De 
caelo and the Timaeus by first comparing the general scopes and subject 
matters of the two works, and, then, by focusing on a particular point 
of comparison, namely, the apparent absence in the De caelo of the 
world soul, which was one of the most important features of Platos 
cosmology. 


* Brasenose College, Oxford. 

1 Explicit references include: De caelo 280a30, 293b32, 300a1, 300b17, 306b19, 308b4. 
However, the explicit references to the Timaeus are only the tip of the iceberg: often 
the reference to the Timaeus is simply assumed: see, for example, 299a6 ff. (on the 
geometrical construction of solids in Tim. 53c4-56c7) and 305b31-306b2 (on the mutual 
transformation of bodies by their resolution into planes discussed in Tim. 56c8-57c6). 

2 While one might sympathize with the ambition of Claghorn (1954) to overcome the 
polarization of Aristotle and the Timaeus, too many of his assimilations fail to represent 
either philosopher. For comparisons between the Timaeus and the De caelo, the reader is 
better advised to consult Solmsen (1960). 
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2. The scope of the De caelo 


The topic of the De caelo is the heavens or in Greek oveavoc. There is no 
need to think that the Greek title Iegi ov@avot was used by Aristotle 
himself? Nonetheless, the title reflects Aristotle's own description of the 
subject matter as “heaven” in De caelo 1.9, 278b11. In characteristic 
fashion, however, he points to three different senses of the word: 


First, however, we must explain what we mean by “heaven” and in how 
many ways we use the word in order to make clearer the object of our 
inquiry. In one sense, then, we call “heaven” the substance of the extreme 
circumference of the whole, or that natural body whose place is at the 
extreme circumference. We recognize habitually a special right to the name 
"heaven" in the extremity or upper region, which we take to be the seat 
of all that is divine. In another sense, we use this name for the body 
continuous with the extreme circumference, which contains the Moon, 
the Sun, and some of the stars; these we say are “in the heavens” In yet 
another sense we give the name to all body included within the extreme 
circumference, since we habitually call the whole or totality “the heavens”. 
The word, then, is used in three senses.* (De caelo 278b9—21) 


Is there one of these three senses in which Aristotle primarily meant to 
discuss heaven in the De caelo? The question exercised the ancient com- 
mentators considerably in their attempt to identify the unitary theme 
(oxonóg) of the work. The disagreement that arose between Simplicius 
and Alexander on this question has immediate bearing on the relation- 
ship of the De caelo to the Timaeus.? According to Simplicius, Alexander 
took the subject matter of the De caelo to be the odpawóc in its third sense, 
that is to say, the whole world or cosmos. But if so, Simplicius suggests, 
its subject matter would be the same as that of the Timaeus, where Plato 
(27b2-3) refers to “the whole heaven, or the world (xóouoc) or whatever 
else it might care to be called? Yet, as Simplicius points out, 


Aristotle clearly does not explain the world in this treatise as Plato did in 
the Timaeus, where he treated both of the principles of natural objects, 
matter and form, motion and time, and of the general composition of 
the world, and gave a particular account both of the heavenly bodies and 


3 Cf. Allan’s note: 


Titulus IIegi Odgavod nusquam apud ipsum reperitur; titulum de Caelo et Mundo 
ab Arabicis exemplaribus translatum crediderim; nusquam enim in codicibus Graecis 
kai xóouov adiectum videmus. (Allan 1955, iii). 


4 Unless otherwise indicated, all translations of Aristotle are from Barnes (1985). 
5 See the introduction to Hankinson (2002). 
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of those below the moon, in the latter case occupying himself both with 

atmospheric phenomena and with the minerals, plants, and animals on 

the earth up to and including the composition of man and his parts. 
(trans. Hankinson 2002, 21) 


The final words here suggest that Simplicius is thinking of Tim. 27a5-6, 
where Critias tells us that Timaeus’ account will deal with the creation 
of the heavens (oveavoc) “down to and including man? To obtain Aris- 
totles views on the range of issues touched on in the Timaeus we would 
have to read not only the De caelo but also, and at least, the De genera- 
tione et corruptione (for the composition and interaction of simple bod- 
ies), the De anima (for the nature of soul and its parts), the Meteorologica 
(on geological and meteorological matters), the Physica (on the nature of 
"nature time, place/space, motion), the De partibus animalium, De gen- 
eratione animalium and Historia animalium as well as the Parva naturalia 
(on the composition and function of animal organs, sexual reproduction, 
and so forth). The Timaeus is a work about the oboavós in a much more 
comprehensive sense than in the De caelo. In terms of its scope, then, the 
De caelo is not cosmology in the sense of the Timaeus. 

However, we may also reflect that the border lines between Aristotles 
works, as we have them, are much less clearly defined than those between 
most of Platos dialogues. So, whether through the efforts of Aristotle 
or a later editor, the De generatione et corruptione reads at least like a 
continuation ofthe end of the De caelo, whilst the Meteorologica, in turn, 
seems to pick up from the end ofthe De generatione et corruptione. The De 
caelo appears to be part of a series of interrelated treatises within the area 
of natural philosophy. Rather than saying that Aristotle has narrowed the 
terms of cosmology in relation to Plato it may, therefore, be more correct 
to say that the Timaeus telescopes into one dialogue a range of discussions 
that Aristotle develops in much in greater detail throughout a series of 
contiguous treatises, one of which is the De caelo. To get the full picture 
of Aristotles response to the Timaeus we need to read much more widely 
than the De caelo. 

However, if the De caelo does not cover the same range of topics as 
the Timaeus, the reason may not be that Aristotle does not want to study 
heaven in the third sense of “the all? but rather that he has a different 
sense of "the all" in mind from the Platonic cosmos. For notice how 
Aristotle presents the third sense of oveavoc: “we give the name to all 
body included within the extreme circumference, since we habitually call 
the whole or totality ‘the heavens" (my emphasis). So if we study the 
heavens in this sense of “the all” (tò x&v), we will study the universe qua 
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all body (tò x&v oóua.). That Aristotle wants to study the heavens in this 
sense of the “all” seems to be confirmed by the opening of the De caelo. 
Chapter 1 of book 1 of the De caelo introduces the general subject matter 
of natural philosophy as "bodies and magnitudes and their properties 
and movements and the principles of this sort of substance" (268a2-4). 
Chapter 2 opens by postponing the question of whether the universe (tò 
T&v) is infinite in magnitude or not (a question picked up in 1.5). Instead, 
Aristotle makes a start on the question about the different species of its 
parts. Aristotle explains that we understand such bodies and magnitudes 
to be natural in so far as they possess a principle of change: "for nature, we 
say, is their principle of change" (268b16). That is why we take all natural 
bodies as such to be capable of change of place, in particular (268b14- 
16). Aristotle goes on to distinguish three kinds of simple locomotion— 
up, down and circular, understood respectively as motion away from 
the center, motion towards the center, and motion around the center 
(268b16-26). The distinction between these three kinds of simple motion 
allows Aristotle to distinguish three kinds of body according to whether 
it is in their nature to move upwards (fire and air), downwards (earth 
and water) or around (oi01]0) (268b26-269a6). Fire and air will later be 
differentiated by the extent to which they naturally move upwards (fire 
moves towards the very extreme universe, air to a place adjacent to that), 
just as earth and water will be told apart by the extent to which they move 
downwards (312b20-313a13). 

We are thus given to understand in the first two chapters that the 
subject of the De caelo will be the universe understood as the totality 
of bodies or magnitudes and their characteristic motions and affections. 
This characterization of the subject matter seems to contrast in two 
striking ways with the opening of Timaeus' account of the cosmos. 
The first is that Aristotle makes no mention of the universes overall 
purposefulness, let alone of a purposeful creator. Timaeus, in contrast, 
posits as the first principle of the cosmos a creator who wanted to make 
the universe as good as possible (29e1-30a3). The universe for Timaeus 
was organized not only with a view to making each individual living 
being as good as possible but also the whole as good as possible (30c4— 
31a1). In the Timaeus, in other words, we have cosmic teleology. 

The second difference is that Aristotle does not mention soul. He 
describes his subject as body or magnitude and its motions. To be sure, 
Aristotle mentions (De caelo 1.1, 268a3), as part of the study of nature, 
the principles (&oyat) of bodies, which could include soul. However, at 
least as far as book 1 of the De caelo goes, these principles seem to be 
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internal to the simple bodies as bodies and do not seem to involve soul. 
Timaeus, in contrast, linked the goodness of the cosmos to its possession 
of soul. God wanted to make the world as good as possible and, therefore, 
he gave it mind (voc) and, therefore, also soul (vy) (30b1-6). The two 
points, the greatest possible goodness of the cosmos and its possession of 
intelligence and soul, are here closely related. The soul is the master and 
ruler of the body (34c). Thus, the motions of the world soul control the 
orderly motions of the stars and the planets and ensure that the universe 
is in the Greek sense of the word a xóoyuoc, an ordered whole (40a4-b2). 
For Timaeus, soul is fundamental to how the cosmos works. Cosmology 
is based on psychology. 


3. The De caelo on soul and teleology 


The omission of the world soul from the first book of the De caelo, there- 
fore, suggests a striking departure both from Platonic cosmology and 
from Platonic teleology. We should of course not infer from this omis- 
sion that Aristotle thereby means to depart from any kind of teleology. 
Part of what it means to say that the motion of each of the five bodies 
to their proper place is natural is that each moves towards that place in 
order to occupy it. The theory of natural motions is, therefore, inher- 
ently teleological. Yet there is no indication in De caelo 1 that there is 
any role for a soul or intellect to coordinate the motions of bodies into a 
well-ordered whole or óouog in Platos sense. The De caelo seems from 
the opening to be resolutely a treatise about the various kinds of sim- 
ple bodies and the motions that they naturally, that is, given the kind of 
body they are, give rise to. Psychology would seem to be alien to this 
project. 

Aristotles cosmology has so far emerged as a more restricted project 
than the Platonic precedent in two ways. First, as Simplicius pointed out, 
the De caelo does not pursue cosmology in the broad way that includes, 
amongst other matters, the details of how living beings are put together 
and work. But second, even granting that the De caelo studies the heavens 
in the sense of “the all” (tò x&v), it appears to focus on the all qua bodily. 
Related to this second limitation, the De caelo seems to bypass the study 
of soul and the accompanying cosmic teleology which were fundamental 
to Timaeus’ cosmology. 

One possible explanation of the difference between Aristotelian and 
Platonic cosmology is that in Aristotle nature takes over from soul as 
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an internal principle of motion and rest. Socrates in the Phaedrus intro- 
duced soul as “the origin and principle (&oy1]) of motion for other things 
that are moved as well” (245c8-9). There is a famous crux relating to the 
compatibility of the Phaedrus and the Timaeus on the question whether 
all motion (including the pre-cosmicvariety) is caused by soul (cf. Skemp 
1967, 112-115). However, it seems clear that soul also in the Timaeus 
remains a principle (doxń) with the power to move itself and bodies 
(34b10-35a1, 36e2-4). So, Aristotles talk of nature as an inner princi- 
ple of change and motion, and his ascription of such natures to inani- 
mate bodies, might seem to be a direct move against Plato. One possible 
answer to the question, “What has happened to Platos world soul in the 
De caelo?’ is, then, “Aristotle does not need it anymore; the ‘natures’ of 
the simple bodies do the job of self-motion^ 

However, this comparison between the roles of soul in Plato and nature 
in Aristotle may be misleading. On the one side of the comparison, 
Aristotle is elsewhere leery of ascribing self-motion in a strict sense to 
anything other than animate beings (Phys. 8.4, 254b12-255a20). The 
simple bodies do not properly speaking have self-motion since they do 
not have the power to stop themselves and can only move in one way 
(255a7-11). So, if the De caelo suggested that the simple bodies have 
unqualified self-motion, this suggestion would be in a contrast not only 
with the Timaeus but also with Physics 8. In fact, as M.L. Gill shows in this 
volume (2009, esp. 150-158), the position of the De caelo may plausibly 
be taken as the same as that of Physics 8: Aristotle never quite ascribes 
proper self-motion to the simple bodies. On the side of the Timaeus, 
meanwhile, nothing in this text indicates that the simple bodies need 
soul in order to move.* The simple bodies were originally created by 
the divine demiurge and in that sense owe their motions to something 
external. But once created they move by necessity in space (ywoa) given 
their geometrical natures.’ To be sure, the world soul may be indirectly 
involved in their continued motion. The rotation of the cosmos, which 
is governed by the world soul (cf. 34b, 36d-e), shakes up the bodies 
inside, thereby preventing them from staying in their own proper regions 
(58a-b). However, the simple bodies by themselves move towards their 


$ For the suggestion that the simple bodies in the pre-cosmos are moved by an 
irrational soul, cf. Skemp (1967) 106 (following Plutarch). For an alternative answer, see 
Johansen (2004) 96. 

7 For a full account, see Johansen (2004) 95-99, 120-127. 
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proper places without psychic guidance. Indeed, likenesses of the simple 
bodies moved towards certain regions (53a) even before the creation of 
the cosmos, and so also before the existence of a world soul. If we enter 
the necessary qualifications and take into account the Physics, it is not 
clear that the simple bodies for Aristotle are self-movers in a significantly 
stronger sense than in the Timaeus. 

The part of the Timaeus (47e-69a) that sets out the nature of the 
simple bodies and their characteristic motions is sometimes—somewhat 
inaccurately— referred to as the “Works of Necessity.’ This part of the 
dialogue is sandwiched between a part which primarily deals with the 
works of reason, and the final part of the dialogue, which, building 
on the “Works of Necessity,’ develops an account of the functions of 
human beings and other animals. The works of necessity are presented 
as the building materials and auxiliary causes for the divine craftsmen 
(68e). The focus in the middle part of the dialogue is on the physical 
constituents of the universe and on the necessary processes and affections 
that they give rise to. The demiurge does construct the natures of the 
simple bodies and ensures their proportionality with each other (53b6, 
56c3—7), but from then on Timaeus describes the interactions of the 
bodies as necessary given their natures. The approach to cosmology is 
here, as one might put it, bottom-up, whereas in the rest of the Timaeus 
it is top-down. From 56c onwards, no use is made in the “Works of 
Necessity” of any teleological cause, be it god or world soul, which would 
organize bodily motions towards the good. 

It is tempting to insist that the relevant comparison is between the 
De caelo and the “Works of Necessity” specifically. One might then 
argue that the limitations of the De caelo reflect Aristotle's narrower 
concern in this work, shared by Timaeus in the “Works of Necessity,’ 
with the material building blocks of the universe. This is not to say, 
of course, that there are no significant differences between the ways 
in which Plato and Aristotle account for the simple bodies. Aristotle's 
most fundamental disagreement with Plato concerns the composition 
of the simples. Whereas Aristotle analyzes them in terms of qualities 
such as hot and cold, wet and dry (cf. De caelo 3.4, 302b30), Plato 
understands their composition geometrically. Aristotle argues that Platos 
view faces insuperable difficulties: the geometrical theory cannot, for 


8 After Cornford (1937). The reference is somewhat inaccurate in that this part also 
contains the description of god’s ordering of the simple bodies. 
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example, account for how the simple bodies change into one another (3.7, 
305b27 ff.) or for how the different kinds of body come to have different 
weights (308b4-28). 

These are important differences between the De caelo and the Timaeus, 
which Aristotle exploits to full polemical effect. However, the disagree- 
ment does not concern the role of soul in the motion of the four simple 
bodies. Both Aristotle and Plato take it that these bodies move to their 
proper places of their own accord. To be sure, Plato does not explain these 
motions, as does Aristotle, in terms of the concept of “nature.” Yet, as the 
winnowing basket analogy implies (Tim. 5265-5327), the motions of the 
simple bodies to their proper places does express the peculiar character 
of each kind of body. Certainly, like the winnowing basket, the recep- 
tacle aids the distribution of the simples, but what ultimately determines 
which kind of body ends up where are clearly the bodies own properties, 
just as the grains in the winnowing basket are distributed in accordance 
with their weight. As part of Aristotle's ongoing polemic in the De caelo 
against the view of the Timaeus that the world was created,” he remarks 
that if the simple bodies moved to their proper places even before the 
creation of the world, then their motions must also then have been nat- 
ural (i.e., not constrained). But if there were bodies with natures even 
then, there must have been a cosmos even then (3.2, 300b17). Aristotle 
thus suggests that Plato explained the motions of the simple bodies as if 
they had natures of the sort that, according to Platos own theory, should 
only exist after the creation of the world. In other words, Aristotle’s com- 
plaint is that Plato implies that the motion of the simple bodies is caused 
by their proper natures even before the simple bodies were supposed to 
have such natures. We can see in this objection how close, according to 
Aristotle, Plato is to helping himself to something like Aristotle’s own 
notion of "nature? 

The claim that Aristotle's concept of nature replaces the Platonic soul 
as a self-mover is thus misleading as far as the four simple bodies go. 
Soul plays no part in explaining how the four simple bodies move to 
their proper places in the central part of the Timaeus However, the real 
disagreement about the role of soul in explaining motion seems to arise 
when we turn from the sublunary world to the outer heavens. Again 
there are certain initial similarities. The shape of the cosmos as a whole 
is spherical according to the Timaeus (33b), while Aristotle chooses the 


? See, in particular, De caelo 1.10-12. 
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same shape for his cosmos for parallel reasons (2.4, 286b10-287b21).1 
Both Plato and Aristotle use the sphericity of the universe in support of 
the claim that its motion is circular (Tim. 34a1-2, De caelo 2.6). Both 
characterize the circular motion of the heavens and, in particular, that of 
the outer heavens as "unceasing”'! and "uniform"? 

Notwithstanding their parallel descriptions of the outer heavens, Plato 
and Aristotle seem to disagree about the cause of their motions. Where 
Plato takes the heavens to move round because of the world soul, Aristo- 
tle takes the revolution to be brought about by a fifth, or as he sometimes 
calls it, a first body” (e.g., 284a30), namely, aiðńo. The outer heavens are 
composed of this body, which naturally moves round, just as fire by its 
nature moves up, and earth moves down (De caelo 1.3). Since, as we saw, 
none of the other simple bodies require soul in order to move, it seems 
that the introduction of the “first” body may be meant to dispense with 
the need for a world soul to account for the revolutions of the heavens. 

It is in this vein that Friedrich Solmsen writes: 


The first body takes over many functions of the Platonic world soul, but it 
can also fill the celestial regions in a material sense (which the world soul 
cannot do), being at once the stuff of which the heavenly bodies consist 
and the cause of their revolutions. Plato erred in identifying the origin 
and agent of circular movement. The difference between this movement 
and rectilinear ones is not that the former is typical of soul and the latter 
movement is performed by bodies, but that the body engaged in the 
circular movement is of a superior order, immune to the changes and 
mutual transformations to which the others are liable. 

(Solmsen 1960, 291) 


In one way, the first body clearly represents an anti-Platonic stance. Plato 
takes soul to be both moving and incorporeal. For Plato, the motions 
of the world soul are not to be understood as the actualization of some 
bodily potential. Rather, to go by the account of the soul’s composition in 
the Timaeus (35a-37c), the world soul seems to move and move the way 
it does because it is a mixture of being, sameness, and difference, which 
is mathematically structured. We are told, moreover, that the world soul 
was created before the world body (34b-c). In the Timaeus, there seems, 
therefore, to be a time in the creation of the world when it is both the 


10 Cf. P. Pellegrin (2009), in this volume. 

11 &xauvotov in Tim. 36e4, De caelo 279b1: cf. ovveyńc in De caelo 287a24. 

12 „ad tavta, in Tim. 36c2-3, cf. Laws 898a8 ff.; óuaMńg in De caelo 287a24, cf. Phys. 
228b15 ff., 265b11 ff.; cf. Solmsen (1960) 238. 
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case that the soul exists and revolves and that there is no body attached to 
these revolutions. Aristotle finds such a view unintelligible. “There is no 
motion, he says, “without a natural body” (De caelo 279a15—16). Motion 
(wivnots) is the actuality of the potential qua potential (Phys. 201b5-6) 
and potentiality implies matter. Once we have identified a peculiar kind 
of motion of the heavens it is therefore necessary, at least if this motion is 
natural, to find some matter whose potential is actualized in this motion. 
For Aristotle, aide is this matter. 

However, the fact that for Aristotle the heavenly revolutions manifest 
the natural potential of aide does not by itself mean that these motions 
are not also a manifestation of soul. From what we have seen so far, it 
may come as a surprise that Aristotle does speak of the outer heavens as 
animate and alive: 


Since we have already determined that functions of this kind belong to 
things which possess a principle of movement, and that the heavens are 
animate and possess a principle of movement, clearly the heavens must 
also exhibit above and below. (De caelo 2.2, 285a27-30) 


Again at De caelo 2.3, 286a7-12, Aristotle implies that the heavens are 
animate. He takes it that the heavens are divine and as such enjoy ever- 
lasting life (Gov). It is for that reason, he suggests, that the heavens are 
made of a body which is by nature such as always to move in a circle. 

But now we want to know what role soul plays in relation to aide 
when the heavens move round. We are of course familiar from the De 
anima (cf., e.g., 2.2, 413a20 ff.) with the idea of the soul as a principle of 
movement of living beings, an idea that Aristotle seems to be referring to 
in the passage just quoted (De caelo 2.2, 285a27- 30). Yet given that the 
aidre of the heavens itself has the capacity to move round, it is unclear 
what difference the addition of the world soul makes to its movements. 
One possibility is that soul actualizes or triggers aiðńo’s natural potential 
for circular motion. It is fairly clear that Aristotle in the De caelo does not 
think of soul in relation to aif in this way. It is the nature of aidńe to 
move round just as it is the nature of fire to move up if unimpeded (cf. 
Phys. 8.4, 255b5-12). In the sublunary world there are possible obstacles 
to the upward motion of fire but there are no superlunary obstacles to the 
revolutionary tendencies of aio. ? 


13 As Judson (1994) 158 observes, as far as the De caelo is concerned, * [Aristotle] takes 
aiðńo’s natural capacity for motion not to be a ‘dormant at all, but to be a sufficient 
explanation of the sphere's rotation? 
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Another, more promising way of thinking of souls agency is as a reg- 
ulatory cause. Aiðńo moves round of its own accord but soul deter- 
mines the manner of its revolutions.'* We might think of the relationship 
between soul and aidre by analogy with the relationship between soul 
and the fire within us in nutrition. So in De an. 2.4, Aristotle explains 
that: 


Fire is in a sense the helping cause (ovvaitiov), but it is certainly not 
responsible without qualification. Rather the soul [is responsible]; for the 
growth of fire is unlimited (sig &zteiov), as long as there is something 
that can be burned. But all things constructed naturally have a limit 
(négac) and proper proportion (Aóyos) of magnitude and growth. And 
these things are the responsibility of soul, but not of fire, and ofthe formula 
(logos) rather than the matter. (416a13-18: trans. Gill 1994, 21) 


Fire contributes as a helping cause, as a ovvaítiov, to nutrition by burn- 
ing the food. We could even say that fire is responsible for the fact that the 
food is burned. Yet it is not fire as such that is responsible for the way in 
which the food is burnt, since fire would continue consuming the food as 
long as any was available. But there is a limit or proportion (Aóyog) to the 
burning of the food in nutrition, and it is soul which imposes this limit. 
The relationship between fire and soul in nutrition suggests the following 
analogy with the relationship between aiðńọ and soul in locomotion. It 
is aide that is responsible for the fact that the heavens move round, but 
it is soul that is responsible for the way in which they move round. More 
particularly, on this analogy soul imposes a limit or proportion on the 
revolutions. 

The kind of order imposed by soul on aie will of course be rather 
different from that imposed by soul on fire in nutrition since we are now 
dealing with a different kind of change, locomotion rather than growth 
and diminution. However, the passage from De caelo 2.2 quoted above 
gives a good example of how the analogy with nutrition would work. 
Aristotle mentions the heavens' soul here because he wants to explain the 
direction of the heavenly revolutions. “Left and right, “up and down,’ 
"front and back" are for Aristotle said only with qualification. We can 


14 I have been inspired in the following by Judson (1994)160: 


The argument of II.2 may be that, over and above its circularity, the motion of the 
outermost sphere has a "structure" or form that cannot be explained by reference 
to the aidrjo but that mirrors, and can be explained by, the form of the being whose 
matter the aiðńo is. More precisely, the circular motion possesses a particular 
direction (which Aristotle analyzes in terms of right/left, above/below). 
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distinguish at least two ways in which we talk about directions. We talk 
about right and left, back and front, and up and down in relation to 
ourselves as observers. However, in animate beings, Aristotle claims, we 
also talk about left and right, up and down according to functions (£oyo). 
Again De an. 2.4 provides a good example.’ The roots of a plant seem to 
grow down in relation to a normal upright-standing observer, as well as 
in relation to the universe as a whole. However, in terms of nutrition, up 
is where the food enters, down where the waste exits. So, functionally 
speaking, for plants the roots are up. Similarly, Aristotle argues in De 
caelo 2.2 that we can distinguish up and down and right from left in 
locomotion as follows: 


up is the part from which (ev) movement originates, the right the part 
from which (dq od) it proceeds, and the front the direction in which it is 
directed (è ô). (285a23-24) 


In functional terms, right is, therefore, where the heavenly motion pro- 
ceeds from. Aristotle distinguishes between a primary and a secondary 
heavenly motion. He takes the primary motion to be that of the outer 
heavens, the stars. The outer heavens revolve from the right to the left and 
back to the right (ei deEtc),'° and from the top to the bottom. Inside the 
primary motion, there is also a secondary motion going from left to right 
(and back again) to which the planets are subject. 

For Aristotle, it is because the heavens have soul that we can differen- 
tiate directionality by function." Such a functional account of the heav- 
enly motions may itself be taken to be teleological: the heavenly motions 
of the outer planets are organized by soul so as to move from right to 
left, from up to down. However, there is a further teleological aspect to 
the account of the heavenly motions as animate which introduces a more 


15 As Lennox (2009) shows in this volume, the De incessu animalium is the primary 
text for the functional differentiation of directions in animals. 

16 When Aristotle talks of the motion of the stars as beginning from the right and 
rotating to the right (émi 6E), we should probably think of this motion as running 
counter-clockwise; cf. Moraux (1965) xciii, n. 5 on the ambiguity of the expression. 

17 De caelo 284b30-34: 


One should not seek the up and down and the right and left and the front and back 
in all body, but only in those that possess in themselves a principle of movement 
because they are animate; for in no inanimate body do we see the part from which 
the beginning of the movement derives. (trans. Leggatt 1995, 117) 


See further the chapter by Lennox in this volume for a careful discussion of this claim 
and its implication for the explanatory relationship between cosmology and zoology. 
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explicit value judgment. Aristotle takes the right, up, and front to be 
better than their opposites, left, down, and back. De caelo 2.2, 284b14 
refers us, in particular, to the De incessu animalium,'* which says that the 
starting point of locomotion is honorable, and that “the upper is more 
honorable than the lower, the front than the back, and the right than the 
left” (706b12-14). Enjoying as they do the best life, it is not surprising, 
therefore, that the outer heavens display the more honorable motions 
from right to left and from up to down, whilst the somewhat inferior 
planets are also subject to the inferior motion from left to right.? 

Plato would agree that rotation to the right is better. At 36c6 Timaeus 
says that the single most rational motion of the Same, which governs the 
heavenly motions, moves “to the right (mi de&tc).””° Moreover, Timaeus, 
like Aristotle, makes the revolutions of the seven planets subject to a fur- 
ther motion in the opposite direction. The less rational circle of the Dif- 
ferent, which moves inside and is governed by the circle of the Same, 
is thus divided into seven circles running in different directions at dif- 
ferent speeds (36d2-7). Beyond this it is hard to make clear compar- 
isons between the De caelo and the Timaeus, for example, on the relative 
speeds and courses of the heavenly bodies. Aristotle refers such matters to 
astronomy (De caelo 2.10, 291a31), while Timaeus postpones discussion 
of the details of the planetary motions to a later occasion (38e). However, 
the distinction between the superior motion of the stars “to the right” and 
the inferior contrary motion of the planets seems common to both. 

So far we have seen Aristotle make use of soul when he wants to explain 
the direction of the heavenly revolutions, a phenomenon which was not 
accounted for simply by the fact that the heavenly bodies are composed 
of aiü1jo. Because the heavens have a soul, we can apply to them the 
functional notion of directionality that we use to explain animal motion. 
And when we talk about “up and down,’ and “left and right” in functional 
terms, we are also led to think of one of each of these pairs as better and 
the other as worse. The deployment of soul and that of teleology go hand 
in hand. 


18 See Lennox (2009) in this volume for a full discussion of the De caelo’s debt to this 
work. 

19 As Bolton (2009) 56f. shows, this argument has the status of being no more than 
reasonable (£Uhoyov), as opposed to a stricter form of argument based on perception, no 
doubt because an argument about a subject matter so remote from us could be no more 
than euhoyov, cf. Bolton (2009) 58-64. 

20 Note, however, that according to Moraux (1965) xcv, n. 5, the motion śni OeĘid. is 
taken to run clockwise in the Timaeus. 
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Aristotle again makes explicit reference to soul in his explanation of 
the relative complexity of the motions of the various heavenly bodies. 
Soul is brought in to deal with the amogia of “why we find the greatest 
number of movements in the intermediate bodies, and not rather, in each 
successive body a variety of movement proportionate to its distance from 
the primary motion” (De caelo 2.12, 291b29-32). The primary motion is 
here that of the outer heavens, that is, of the stars. The outer heavens 
move with a single uniform motion, from right to left to right, as we 
have seen. We might expect those planets that are closest to the outer 
heavens to move in a manner most similar to these; that is to say, with 
the fewest number of motions.?! Similarly, with the Earth at the center of 
the universe, we might expect the motions nearest the Earth, and furthest 
from the fixed stars, to be the most complex. Yet, Aristotle claims, the 
movements of the Sun and the Moon are fewer than those of some of the 
planets closer than these to the outer heavens (291b35-292a1). 

The ó&zooía is solved, Aristotle argues, by thinking of the heavenly 
bodies as animate: 


We think of the stars as mere bodies, and as units with a serial order indeed 
but entirely inanimate; but we should rather conceive of them as enjoying 
action (meGEtc) and life (Gwń).?2 (292a18—21) 


It is tempting to think that Aristotle by “we” here means to reflect not 
just on the thinking that generally leads people to the aogia, but also 
on the wider tendency in the De caelo (which I noted at the outset of 
this chapter) to treat the universe as a mere body. This approach, we are 
now told, leaves an explanatory deficit in the account of the heavenly 


?! Aristotle is thinking here of the number of interconnecting moving spheres needed 
in order to produce the observed motion of a planet; cf. Leggatt (1995) 246: 


A planets apparent movement is explained as the resultant of several movements 
in the following manner: the planet is fixed to a rotating sphere, the poles of which 
are affixed to a second, encompassing and rotating sphere; this second sphere is in 
turn attached by its poles to a further sphere, and so on. 

2 “AAV ueis Òs negi owudrov adTóv uóvov, xai yováðwv THEW LEV éxóvrov, 
dyidywy 6 rduraw, óravoodueda: Set & Wg ueteyóvtwv drolaupdvew TEGEEWS xai 
Gofic. Leggatt translates bc in 292a20 as “as though’, with the implication that the stars 
do not in fact have soul. However, linguistically, the parallel with the first occurrence of 
xc (a18) suggests that we should understand óc rather in the sense of “as” or “qua? We 
have been thinking of the stars only as bodies so far, now we should think of them qua 
ensouled. The attribution of soul to the stars is thus made no more counterfactual by the 
second use of wc than the attribution of body to the stars is by the first use. J.L. Stocks’ 
translation is correct (Barnes 1985, 481), as is that of Lennox (2009) in this volume. 
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motions. We need the concept of soul to explain the relative complexity 
of the various heavenly motions. Each living being seeks by its actions to 
achieve its proper good. However, different kinds of living being pursue 
this aim in different ways. Higher animals typically display more complex 
actions than lower animals, with the exception of the very highest life- 
form, which enjoys the good with no effort, like a man who enjoys 
good health without need of exercise. At the bottom of the hierarchy are 
plants, which “perhaps have little action and of one kind only” (292b7- 
8). Aristotle suggests that we should think of the planets motions in the 
same way.” The most complete motion is that of the fixed stars, which 
is simple and effortless. The planet farthest from the outer heavens and 
closest to the Earth has, like plants, the fewest actions, whereas those 
closer to the outer heavens have the most complex motions, like man and 
the higher animals. For, Aristotle explains, “while it is clearly best for any 
being to attain the real end (v£Aoc), yet, if that cannot be, the nearer it is 
to the best the better will be its state" (292b17-19) 

Again, in this argument, we see the close connection for Aristotle 
between the ascription of soul to the heavenly bodies and the teleologi- 
cal explanation of their motions (cf. Lloyd 1996, 171). The complexity of 
their motions is explained by the different actions required for them to 
best attain their ends. The possibility and appropriateness of the plan- 
ets’ engaging in actions with these degrees of complexity are, in turn, 
explained by the fact that they have souls. 

For Aristotle, then, we need to say that the heavenly bodies have a soul 
and not just a body to explain several things about how they move. The 
fact that they are made of aiðńo explains that they move round, but it 
does not explain how they move round, their direction or their courses. 
To explain how they move round in the proper teleological way, that is 
to say, in the way that shows why these motions are the best, we need to 
think of the heavenly bodies as beings with a soul, which because of their 
souls live different kinds of lives. 

It is clear that for Aristotle the soul operates on the inherent ability 
of aiðńo to move in a circle. The aiðńo of the heavenly bodies revolves 
independently of soul, yet soul can be said to impose a certain form and 
structure on its revolutions. Soul can to that extent be thought of as a 
formal cause of the heavenly motions with aiðńọ as the material cause. 


23 The general teleological nature of the argument may contribute to its being no more 
than £0Xoyov, cf. Bolton (2009) 68 n. 23 
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In a similar way we saw that whilst fire would burn foodstuff whether or 
not it was part of a living being, soul would in nutrition impose a limit and 
proportion to the way the fire burned. Soul and aifyje might then with 
justification be thought of as related as form to matter in the revolutions 
of the heavens. 

In the Timaeus, meanwhile, the soul is created separately from the 
body, inserted into the body from without, and moves it in a way that 
seems not to express any inherent potentiality of body.** For Timaeus 
there is no special body with the natural potentiality to move round 
and, therefore, no special first body, such as aidńe, for the heavenly 
bodies to be made out of. Rather, the heavenly bodies, or at least their 
majority, as Timaeus puts it, are made out of fire,” whose natural motion 
is rectilinear,” not circular. When the soul is put in charge (36e3), we 
might therefore think that it imposes its circular motions on the body of 
the universe. 

Itis for this reason, I take it, that Aristotle gets the impression (De caelo 
2.1, 284a27) from Plato that the continuous circular motion of the outer 
heavens is enforced on the heavenly bodies by soul: 


Yet nor is it reasonable that it [the outer heavens] is preserved by soul 
constraining (àvoyxovonc) it to remain everlasting; for such a life of 
the soul cannot be free from pain or blessed; since [the soul] is in fact 
accompanied by force in its movement, if the soul causes the first body to 
move when the latter is ofa nature to move otherwise, and cause it to move 
continuously, then this soul must be without rest and deprived of all relief 
of mind (£uqoovoc). (284a27-33: trans. Leggatt 2002, 115) 


Aristotle seems to have in mind two passages in the Timaeus in particu- 
lar: (a) 34b8-9, where Timaeus describes the life of the universe as that 
of a happy god (edóaiuova. deóv); and (b) 36e2-5, where Timaeus says 
that, when the world soul had been added to the world body, 


24 Notwithstanding Tim. 34a1-4: here circular motion is said to be proper to the world 
body because of its spherical shape, not because of its material constitution. 

?5 Cf. 40a2-4: tod użv Belov ti nAeliornv tóśav £x nwoós danoydtero, órwg Sti 
Naunoórarov iósiv te dAhoTov ein. 45b4-5 mentions light as a particularly gentle sort 
of fire. However, even if we imagined that the Sun were made out of this kind of fire, 
this would still not count as a fifth kind of body, like aiðńọ, but rather as a species of 
fire. The claim at Tim. 54c4-6 that there was a fifth kind of geometrical body on which 
the demiurge modeled the universe seems irrelevant here, since the fifth body is not 
mentioned as a material constituent in the universe. 

26 Cf. Tim. 43b-c, where the four bodies bombard the circular soul with the six 
rectilinear motions. 
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the soul was woven right through from the center to the outermost heav- 
ens, which it enveloped from the outside and, revolving on itself, provided 
a divine principle of unending and rational life (£upoovos Kov) for all 
time. 


Aristotles objection is that unless the body that the soul moves has 
itself a natural circular motion, soul will have to enforce this motion 
on the body. Within the schema that Aristotle adopts in De caelo 1.2, 
any motion that is not natural to a body is unnatural to it (cf. De caelo 
1.2, 269a30-b13). But Plato does not present the circular motions as 
natural to the matter of the heavenly bodies. Aristotle therefore infers 
that the circular motion must be unnatural to the heavenly bodies. Soul 
can then only move the heavenly bodies round by forcing them to do 
so, an effort that is inconsistent with its enjoying a happy and quiet 
life.” In sum, Aristotles objection is to the specific idea that the soul 
moves the heavenly bodies by force, an idea which seems to follow from 
Platos making fire, in particular, the matter of the heavenly bodies.” 
Aristotle is not objecting to the general idea that there is a soul which 
moves the heavens, as some scholars have claimed.? For the idea that 


27 Tt may be that Plato sought to anticipate this kind of objection at 34a5, where, even 
before the introduction of soul into the account, Timaeus gives a circular motion to the 
body of the universe as appropriate to its shape. However, this is presented as the result 
of demiurge "taking away" (dgpeihev) the six rectilinear motions (34a3-5), which one 
might take to be its natural motions given its composition of fire, earth, water and air. 
And Timaeus is talking here about the body of the universe as a whole rather than that 
of the heavenly bodies, which is a rather different matter. 

28 De caelo 2.7, 289a17 may contain a reference to the Tim. 40a2-4. 

2 Cf. in particular Solmsen (1960) 244, n. 73: 


De Caelo II (28427 ff.) includes a scathing rejection of the notion that a world 
soul should be responsible for the eternal duration of the world. To my mind 
the rejection is unqualified and unambiguous, and it should not be argued that 
Aristotle merely protests against a soul working by ananke. Rather what he appears 
to say is that soul, if credited with such a function, would have to operate by ananke. 
Elsewhere the same book (2.285229) asserts 6 odoawós EuwvxXos, a significant 
statement, no doubt, and yet, in view of its uniqueness, its significance should not 
be overworked. It should not be interpreted as saying that the Cosmos has a soul 
but merely that it is "alive" (so Guthrie) or “animate”, which is anything but trivial. 
To be sure, Aristotle does not otherwise know of entities that are alive but have no 
soul, yet we may safely leave the responsibility for this contradiction to himself. 


I think we are better advised, if possible, not to ascribe the contradiction to Aristotle. 
The question may come down (again) to what we mean by odoavós in the expression 
6 oveavos guwpuyxoc. If we mean the outer and inner heavens, the oveavdc is clearly 
ensouled, if we mean the entire cosmos, it is not. For more on the distinction see below. I 
tend to agree with Judson (1994) 159, n. 19, that the reference at 285a29 is to the heavens, 
though I am not sure that reference is to the outermost heavenly sphere exclusively. 
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the heavens are ensouled is, as we have seen, crucial to Aristotles own 
teleological explanation in book 2 of the direction and complexity of the 
heavenly motions. 


4. Conclusion 


I have argued in this chapter that, despite an emphasis on the bodily 
constituents of the universe in the De caelo, a heavenly soul emerges in 
the De caelo at crucial points where Aristotle wants to offer a certain 
kind of teleological explanation of the directions and courses taken by 
the heavenly motions. Aristotles use of the heavenly soul here looks like 
a continuation of those passages in the Timaeus where Plato accounts 
for the various revolutions by means of distinctions within the world 
soul. For Timaeus, we recall, the heavenly motions of the world soul were 
the prime examples of good order in the universe. It is conspicuous that 
Aristotle brings in the soul precisely in those contexts where he wants to 
show that the heavens move in the ways they do because these are the best 
ways. Despite their different views of the composition of the heavenly 
bodies, it seems that both Aristotle and Plato would have us believe that 
the excellence of the heavenly motions ultimately requires us to think of 
them as animate. 

I have been concerned to show that both Plato and Aristotle use 
notions of soul to give teleological accounts of the heavenly motions. 
Yet, given this shared background, we can also identify some important 
differences. We refer to the soul of the Timaeus as the “world soul” or 
the “cosmic soul.” This description goes together with the claim that the 
cosmos as a whole is a single animal (30d1-31a1, 92c5-9). The soul of the 
heavens is, then, the soul of the entire universe. The De caelo, in contrast, 
never treats the universe as a single ensouled being. In the De caelo, the 
outer heavens, the circle that defines the motions of the stars is ensouled, 
leading as it does a blissful and eternal life. We are also led to believe that 
the planets each have a soul in so far as they, like humans, animals and 
plants, engage in the various kinds of action (meG@Etc) typical of them. 
However, there is no indication that these various living beings share 
a soul that can be described as the world soul, let alone that that they 
together constitute a single animal. There is, therefore, in the De caelo 
no notion either of a soul that might coordinate all of the activities in 
the cosmos. That is not to say that a picture of a world order does not 
emerge from the De caelo; it is only to say that there is no world soul 
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that is responsible for any such order. The absence of a soul for the entire 
world seems to go hand-in-hand here with the absence of any explicit 
cosmic teleology in the De caelo. 

Secondly, the De caelo, unlike the Timaeus, makes little or no use 
of the world soul to suggest how we should live our lives. Both works 
present the life of the outer heavens as a prime case of rationality and 
happiness. However, whereas the Timaeus emphatically tells us to imitate 
this paradigm so that we may become happier and more virtuous (39b- 
c, 42b-e, 47a-c), the De caelo stays clear of any such overtly moral 
messages. We can certainly discern a scala naturae in passages such as 
De caelo 2.12, which implies that the simplicity of a stellar life is superior 
to the complex endeavors of humans, but Aristotle does not invite us in 
the De caelo to imitate the divine, as he does for example in Eth. Nic. 
10.? Indeed, the De caelo makes the celestial life seem distant and hardly 
attainable for human beings. The complexity of the human practical life 
contrasts with the effortless simplicity of the outer heavens, which are 
changeless, eternal, and able to enjoy the best and most independent 
of lives (De caelo 1.9, 279a20-23). The heavens are made of a unique 
material, “something beyond the bodies that are about us on this Earth, 
different and separate from them, the "superior glory" of whose nature 
“is proportionate to its distance from this world of ours" (269b14-17). 
For Timaeus, in contrast, the human soul has the same ingredients (if 
slightly less pure) and same mathematical structure as the world soul. 
Like the world soul, the human soul contains a circle of the Same and 
a circle of the Different, which move in the same regular way (41d4- 
7), or at least they did so until we were embodied (43c7-e4). Our souls 
spent their early days riding round the universe on a star (41d9-e3); 
and even now, each time we succeed at astronomy, we reproduce in 
our souls the motions of the heavens. For Timaeus our lives can, in 
more senses than one, be heavenly again. Astronomy in the Timaeus 
offers a divine template for the ethical life, a notion which Aristotle 
picks up in his ethics but steers well clear of in the De caelo. Here, 
as on other subject matters, Aristotle divides what Platos cosmology 
united. 


3° On Aristotles debt to the Timaeus in the Ethica Nicomachea, see Sedley (1997). 
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THE POSSIBILITIES OF BEING 
AND NOT-BEING IN DE CAELO 1.11-12 


SARAH BROADIE' 


In De caelo 1.10 (279b4-280a35) Aristotle argues on “physical” grounds 
against those who hold that the world has a beginning but no end. His 
main target is, of course, the Timaeus cosmology understood literally. 
Then, at the end of the chapter, Aristotle undertakes to show through 
“general” considerations applying to any sort of thing (xa0óXov ... 
negi AMAVTOS oxewauévorc) whether something can be genéton yet not 
phtharton! or the reverse (280a32-35; cf. 283b17-18).? After laying the 
ground in chapter 11, he sets about the promised demonstration in 
chapter 12. It consists in an elaborate argument meant to show the mutual 
entailment of genéton and phtharton, and of their contradictories. 
However, in the stretch of text we know as De caelo 1.12, the ques- 
tion of the mutual entailment of genéton and phtharton is not broached 
straightaway. First comes a discussion, which I shall simply call “Ly” (L 
for logos), that starts from a question about the actual being and actual 
not-being of a thing that has the possibility of being and also the possi- 
bility of not-being (281a28- 30). Aristotles answer to this question is that 
those paired possibilities are each realized at different times (282a4-13). 
Aristotle reaches this conclusion, which I take to round off the discus- 
sion Lı, by means of a famous argument intended to show that that which 
always is cannot ever not-be, and that which always is-not cannot ever be 
(281a33-282a4). It seems clear that the discussion L; is intended to sup- 
port the main thesis, carried forward from earlier chapters, that genéton 
= phtharton. However, it is less clear exactly how L; is supposed to help 
establish this. Moreover, L, is followed by, and indeed seems to turn into, 
a further stretch of argumentation, L, in support of the main thesis. L; 
begins at about 282a14 and continues to 28325; it elaborates on various 


* The University of St Andrews. 

! [ leave these terms and their contradictories untranslated, so as not to prejudge 
whether they mean ‘is ..., can be ...5 or must be generated/destroyed. But by the end 
of De caelo 1.11-12 the four attributes have emerged as necessary or even essential. 

2 The contrast of "physical" and "general" methods in Aristotle is discussed by Robert 
Bolton (2009) in the present volume. 
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squares of opposition. It is a rather unfortunate argument for two reasons. 
First, it involves a non sequitur, arising, perhaps, from a false analogy (as 
I shall suggest in the last section). Secondly, it turns out that Aristotle 
has adopted an L)-related starting point (“one of the givens,” 283a4-11) 
which (a) in any case immediately yields the conclusion that genéton — 
phtharton, and consequently (b) renders L; redundant (if we accept that 
starting point). All this raises the suspicion that L; and L, were not first 
developed together as parts of a single coherent argument. 

I shall first mainly discuss L; (sections 1-5 below), and shall then 
examine L; (sections 6-15). 


(1) The backbone of L; is the demonstration that what always is/is-not 
cannot ever not-be/be. This argument has attracted charges of fallacy and 
confusion;* but according to the account presented here, it is sound on 
its own terms given certain assumptions. 

Our examination begins in De caelo 1. 11, where Aristotle clarifies the 
terms to be used in arguing that genéton <> phtharton. First, he discusses 
a number of senses of agenéton and genéton, aphtharton and phtharton 
(280b1-281a1). The upshot is that the most central sense (16 xvolwtata 
Neyóusvov) for aphtharton is: “cannot perish, or at one time be and at 
another not-be, and similarly for agenéton (281a1-6; cf. 280b31-33). So 
the central senses of phtharton and genéton are “can be and at another 
(later) time not-be, and “can not-be and at another (later) time be, as is 
stated at 281b27-29. The next step is a discussion of “can” and “cannot” 
as used in the above definitions (281a1-26). Whereas the account of 
agenéton, aphtharton, and so forth was quite complicated and attentive to 
a variety of uses, some philosophical and some more ordinary, Aristotle's 


3 E.g., Williams (1965) 100-102 and Judson (1983) 228-233, who diagnose the fallacy 
differently. The interpretation given here does not depart much from what I gave in 
Waterlow [S. Broadie] (1982) chapter 4 (clearly summarised by van Rijen 1989, 82- 
87). (1 should be satisfied to have shown that my approach to the backbone argument 
of Lı enjoys at least as much textual support as any that charges fallacy; it remains for 
charity, or some other influence, to tip the scales of judgement.) Waterlow (1982) did 
not address much of L;. The book was mainly a response to the influential pioneering 
work of Hintikka on time and modality in Aristotle, and Hintikka did not focus on 
Aristotles specifically cosmological interest in proving that genéton = phtharton, nor on 
much of the manoeuvring in Ly. See Hintikka (1973), especially chapter 5, based partly 
on Hintikka (1957). Judson (1983), by contrast, does justice to the cosmological concern. 
Van Rijen (1989, 91-94) gives proper weight to the initial question at 281a28- 30; thus, he 
rightly expounds 281a28-b25 as if the main issue is the logical conditions for combining 
the possibility (in van Rijen, the "natural capacity") of being F with that of not-being F. 
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account of “can” here is strikingly simplistic and narrow. He writes as if 
this auxiliary only governs verbs “œ” such that it makes sense to treat 
~p-ing quantitatively. “If something can move (xwndfńvau), or can lift a 
weight, we always state it with reference to the maximum, for example 
‘can lift a 100 talents or walk a 100 stades ” (281a7—9). Of course, if one of 
these maximally specified “can gp” expressions applies to some subject, it 
follows that the subject can q to a lesser extent too. If one can-maximally 
walk a 100 stades, it follows that one can walk 50 (281a12-14). However, 
the “can” in the latter context is obviously not “can-maximally,” but has 
a different and logically weaker sense. The question then arises which 
of these senses of “can” (no others are considered here) is central, and 
Aristotle says: the maximal one. “Let what can in the central sense (tò 
xveimMs dSuvatov) be defined in accordance with the utmost (natà tis 
unegoyńg TO rehog)”* (281a9-15). This sense now becomes the basis for 
the argument that is ultimately meant to show that phtharton and genéton 
(and likewise aphtharton and agenéton) necessarily imply one another. 

However, there is immediately the awkwardness that the verbs “perish” 
and “begin” do not in any obvious way govern amounts of anything, 
so that the allegedly central sense of “can” has no direct application 
to them. Consequently, Aristotle moves to what ceases or starts when 
something perishes or begins: namely, being and not-being.° He explains 
that this means being/not-being F, where ‘F is a predicate in any one 
of several categories (281a30-33). We must bear in mind, therefore, 
that when in the ensuing discussion he speaks of being/not-being, this 
always implies a subject which is/is-not thus or so. Thus, if it is a case 
of the non-being of a substance, then the logical situation is that some 
matter as subject is-not F, where “F” denotes a substantial form. This 
fits the target in the Timaeus, since, as is well known, Platos cosmos did 
not begin to be ex nihilo but was formed from pre-existing matter. But 
now in terms of what medium or dimension are predicative being and 
non-being to be quantified? The answer is: duration. Speaking strictly, 
instead of just saying that x can be/not-be (i.e., be/not-be F), we should 
specify the temporal maximum for which x can be or not-be. To say 
that x can be/not-be for a certain duration, and that y can be/not-be 
for a quantitatively different duration, is to ascribe to x and y generically 
different possibilities or capacities for being/not-being. 


^ For the meaning, see Verdenius (1969) 274. 
5 These are the prior terms, i.e., they occur in the analyses of “begins” and “perishes”; 
see 282a1-4. 
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(2) Now (281a28-b2), suppose there are things which can be and can 
not-be. Then they can be for some maximal time, and they can not- 
be for some maximal time. Examples like maximally lifting 100 talents 
readily suggest finite temporal maxima; but Aristotle assumes that “for 
an unlimited time” gives a kind of maximum too. The rationale for this 
is that for a time to be unlimited is (he says) for it to be greater than 
any time specified (281a33-34).° So on this account, “for an unlimited 
time” entails “for the amount of time that is absolutely greatest.” And this 
last phrase is tantamount to “always,” a point which Aristotle will soon 
make explicit (e.g., at 281b25). For “always” indicates more time, and 
therefore a greater time, than any expression implying “not always,” as 
for instance “only from the birth of Plato onwards.” Now suppose further 
that among the things which can be and can not-be, some can be for 
an unlimited time and can also not-be for an unlimited time (281a33— 
b1).’ Then there would have to be, so to speak, two unlimited times, 
one in which the object can maximally be and the other in which it can 
maximally not-be. But this is impossible. (Presumably it is impossible 
because the two unlimited times added together would constitute a time 
larger than either, with the result that neither was unlimited after all in 
the sense just explained. In other words, it is assumed that if there were 
these two times, they would both be parts of the same history.) 

It follows that whatever can be for unlimited time necessarily lacks 
the possibility of not-being for unlimited time. However, Aristotle is 
in a position to draw the stronger conclusion that whatever can be for 
unlimited time lacks the capacity to not-be for any time at all: i.e., what 
can be always, cannot not-be, and what can not-be always, cannot be. 
For the above stretch of argument proceeds on the basis of a notion 
of can or possible according to which for something to be possible is 
for it to be possible (e.g.) now, and something that does not obtain 


$ In treating unlimited time as a maximum, he treats it as a sort of whole. Similarly, 
in many passages about the heavens and their motion, he uses "always" (det) and “ever- 
lasting" (diówog) to indicate not merely chronological on-and-on-ness, or at-every-point- 
ness, in both directions, but a sort of natural span—as it were, the life-span ofa being that 
lasts for ever; see section 4 below. 

7 Aristotle assumes symmetrical maxima for can be and can not-be. For a given 
subject, being and not-being are either both for all time (which is impossible), or both for 
some-but-not-all time. The idea of temporal maxima for not-being, which is necessary 
for the argument, seems artificial in the light of some illustrations, not others. Weight- 
lifting and walking suggest maxima only for possibilities of positives, as does the notion 
of a natural span of life (oic»v); but nature has many alternating spans (e.g., night, day), 
of which one can figure as negative to the other. 
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now is nonetheless possible now if and only if no impossibility results 
from supposing it to obtain at another time. In slightly different words: 
something that does not obtain is nonetheless a possibility even during 
the time when it does not obtain, provided that nothing impossible 
follows from supposing another time in or during which it does obtain 
(281b2-18). But if something is exercising a possibility of being for 
unlimited time, there is no other time, limited or unlimited, in which 
it can exercise a possibility of not-being either with or without temporal 
limitation. Hence if x is exercising a possibility of being for unlimited 
time or always, x has no possibility of not-being for any length of time at 
all. Moreover, since there is no 'other time” than the one unlimited time, 
if the x in question can not-be for any time at all, this must be because it 
can not-be for (some or all of) the time during which it is exercising its 
capacity to be. In other words, it can not-be only if it can not-be while 
at the same time being—which is impossible. Similarly, if something is 
exercising its possibility of not-being for unlimited time, it cannot be for 
any time, except on condition that it can be even while in fact not-being— 
which is impossible. Consequently, whatever has the possibility of being 
for unlimited time or always, is for unlimited time or always, because it 
cannot not-be ever; and likewise mutatis mutandis for whatever has the 
possibility of not-being always (281b18-25; 29-34). 

The next three sections will bring out or fill in various assumptions 
and ideas that are required for this argument to work. 


(3) The argument depends on three ideas unfamiliar in modern treat- 
ments of possibility.* First, there is the construal of the possibility of a 
condition S as a possibility belonging to x at, or for, a time (281b15-17).? 
Secondly, there is the idea that, given that S does not belong to x at or fora 
given time f, the possibility at or during t of xs having S is decided by ref- 
erence to the non-impossibility of its having S at or for a time other than t 
(281b17-18). Thus during t, while he is sitting, Callias has the possibility 


8 They are explored in more detail in Waterlow (1982) chs. 2-4. Whether or not 
any of them hold for Aristotelian modality in general, they are needed to make sense 
of possibility in De caelo 1.12. 

? Treating the possibility of S as belonging at or for a time of course does not entail 
holding that the same possibility cannot belong at/for different times. However, Judson, 
if I understand correctly, thinks otherwise. This assumption of his is an important pillar 
of his contention that interpreting De caelo 1.12 in terms of possibility belonging at/for a 
time fails to make good sense (given the other conceptual elements) of “What can be/not- 
be always, cannot not-be/be. See Judson (1983) 252, point (1). 
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of standing if and only if nothing impossible follows from his being on 
his feet at another time. These two elements of Aristotles approach in De 
caelo 1.12 stand in contrast to the usual modern understanding. Accord- 
ing to the latter, the intuition (however it is achieved) that even if S does 
not obtain in x at t it is not impossible that it obtains at (e.g.) u + t, would 
immediately be taken to show that it is possible simpliciter (i.e., without 
the possibility itself being linked to a time) that S obtains simpliciter (i.e., 
without the obtaining being linked to a time either distinct from or the 
same as t). However, if it is possible simpliciter that S obtains, then pre- 
sumably it is possible simpliciter that S obtains at any given time; so we 
can coherently think that even granted that S does not obtain at t, it is pos- 
sible that S obtains at £: just as possible as that S obtains at some other time 
concerning which it is not yet known whether S does obtain at it or not. 

Thirdly, there is the idea of defining a possibility of being / not-being by 
reference to the temporal maximum to which the subject can be/not-be.!? 
Possibilities—i.e., in fact, capacities—for different maxima are specifi- 
cally different possibilities. Now, if we exercise one capacity, we do one 
thing; and if we exercise a different capacity, we do something else. For 
example, if we exercise our capacity to swim, we swim; and if we exercise 
our capacity to read, we read: these are different kinds of activities. Con- 
sequently, if there is a capacity or possibility which is the possibility of 
being F to the temporal maximum M, and there is also a possibility which 
is the possibility of being F to the different maximum N, then the exercises 
of these possibilities are different kinds of being F. And similarly for not- 
being F. In particular, since Aristotle is persuaded that "always" indicates 
a maximum, he is committed to the doctrine that the being/not-being of 
that which is/is-not always is different in kind from the being/not-being 
of that which is/is not for some lesser maximum. These two main ways 
of being/not-being F differ from each other not as more and less of one 
and the same condition or activity, but as distinct and in fact mutually 
exclusive kinds of being/not-being F.!! Thus, we should not express the 


10 The generalised treatment of can q in terms of maximal q-ing seems to be unique 
to this De caelo argument. 

11 The second of the two main ways subdivides into various kinds. Where F is a 
substantial form, so that something's (the matters) being F entails the existence of a 
member of the kind in question, there will be different temporal maxima for different 
living species. De gen. et corr. 2.10, 336b10—15, gives examples. However, there are also 
cases, e.g., when *F" = "sitting" or "standing; where it seems built into the notion of F 
that being F, where it applies, will cease at some point though not after any particular laid 
down interval. 
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difference by means of different quantification over times, i.e., as the dif- 
ference between e.g.: "(Vt)(Fa at t)" and "(3t)(Fb at t) & (3t) (~Fb at t)??? 
It is the difference, rather, between “a is (F always)” and “b is (F, but not 
always)? From now on these different temporal "qualities" of being and 
not-being will be expressed by superscripts on the predicate. 








(4) What feeds the idea of maximal being, and in particular the idea that 
"always " indicates a maximum of time, is the notion of a natural life-span 
(aiwv). For etymological reasons Aristotle thinks this term particularly 
appropriate to the entire duration of the everlasting”? heavens or the 
everlasting cosmos as a whole. The discussion occurs in De caelo 1.10. 
Aristotle has been considering the mode of being of the mysterious 
incorporeal, non-temporal, things "beyond the cosmos" (279a11-17). Of 
them, he says: 


... they carry out their entire life span (OlareAei tov änavta aidva)! 
unalterable and impassible, being possessed of a vital activity (Cox) that 
is the best and the most self-sufficient (De caelo 1.9, 279a20-22) 


He then goes on: 


In fact, it was by divine inspiration that the ancients voiced this word [sc. 
aidv]. For the completeness (tò v£Xoc) that comprehends the time of each 
things life so that that time is naturally all within it, is what for each thing 
is called its life span (aiv). For the same reason, both the completeness 
of the whole heaven, and the completeness that comprehends all time 
and (times) limitlessness (thv Gstetotav), is (called) aiv, immortal and 
divine: aiv that gets its name from aiei eivou [= always being]. On this 
the being and living of other things depends, more strictly in some cases 
and obscurely in others. (279a22-30; cf. 2.1, 283b26-29) 


12 Cf. Denyer (2000) sections 4-5. 

13 This translates dióLoG, and means "everlasting in both temporal directions? 

14 I have translated as if this accusative is the object of óvarehel, but it may equally be 
the accusative of duration. 

15 Both translation and interpretation are debatable. The main queries concern the 
reference of dev at 29 and the meaning of the xoi governing TÒ tov RÓVTA XQÓVOV ... 
TEOLEXOV TEAOS (26): is it conjunctive or epexegetic? If conjunctive, which seems more 
natural, then two completenesses are mentioned at 25-27, of which the second must be 
the aiwv of the entities beyond the heavens, which somehow embraces, without being 
identical with, tov ndvra xoóvov. "Odev then refers to this, or perhaps to a generically 
conceived life-minus-temporal-finitude predicable both of the extra-mundane beings 
and of the everlasting heavens. If the controversial «oi is epexegetic, only one non- 
temporally-finite completeness is at issue, that of the heaven, and ó0ev refers to it. There 
is also the question whether the xai linking tov zt&vra yodvov and tijv óxeiotav (26) 
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This passage seems meant to defend his application of the term aióv to 
the existence of the incorporeal and timeless'* beings beyond the cosmos, 
by reasoning which I reconstruct as follows: 


(a) Because their existence is a life of complete and all-inclusive perfec- 
tion, it is correct to call it aov. 

(b) One might, however, be surprised by this, since in ordinary use oiov 
means "natural span;' and for ordinary things, i.e., mortal things, the 
natural span is contained within the life ofthe cosmos, which extends 
beyond it in both temporal directions. 

(c) But to understand the word aicv we should not look to the temporal 
finitude of such mortal spans but to their completeness (on mortal 
terms). 

(d) For in fact the term gets its meaning not primarily from these cases; 
its etymology (‘always being’) shows that semantic priority lies with 
a totality that comprehends all time." 

(e) Consequently, the ancient humans must have been inspired when 
they coined the word, given that the prior sort of case is so far beyond 
ordinary human experience. 


Thus, the idea that "for all time" and "for unlimited time" indicate a 
temporal maximum or whole is one for which Aristotle has prepared the 
way quite carefully by the time he gets to the backbone argument of Li, 
to the effect that what is/is-not!"?'* cannot ever not-be/be. It is worth 
noting that his expressing this in terms of unlimited (or infinite; &vevooc) 
time (279a26; 281a34; 283a7-10; 283b29) is in striking contradiction 
with the Physics 3 doctrine of the unlimited (infinite): “it turns out that 


is epexegetic or conjunctive. If the latter, the phrase may mean "every finite time and 
the limitlessness (of time)? For discussion of various interpretations, with references, see 
Leggatt (1995) 205-206 ad 279228. 

16 They are not merely not ‘in time in the sense established in Physics 4.12, 221b21-22, 
i.e. flanked by time before and after, hence of finite duration. Since they offer no purchase 
for change or motion they cannot even be everlasting (i.e., for Aristotle, having infinite 
duration in both directions), pace Leggatt (1995) 205 ad 279222. 

17 The etymology shows that this kind of case is primary, but does not explain why it 
is. Presumably, the reason is that an aimv that comprehends all time is an aiv aióvov: 
a span that makes possible, by comprehending them, all finite temporal spans. If, instead 
(and contrary to the etymology), the latter determined the primary meaning, any move to 
present the timelessly complete life of incorporeal divine beings as an aiv would be too 
farfetched or even nonsensical. (Such a move is endoxic, having Platos authority; Tim. 


37c6-d7.) 
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[the unlimited] is the opposite of what people say it is: it is not that of 
which no part is outside, but that of which some part is always outside” 
(206b33-207a2, tr. Hussey 1983). However, perhaps what the Physics 
discussion shows is not that Aristotle has there rejected the notion of an 
alov that comprehends all time,'* but that he has clarified or re-shaped 
the notion of the unlimited so that, instead of suggesting an all-inclusive 
whole which is the paradigm of completeness, it now suggests something 
essentially always incomplete, since "that of which no part is outside is 
complete and whole" (207a8-9).? 


(5) The idea that possibilities of being/non-being are defined by reference 
to temporal maxima has an interesting consequence, but one that seems 
to blast a hole in the argument as presented in section 2. Take some- 
one whose possibility, capacity, or power for weight-lifting is defined by 
the limit of 50 kilos: he can certainly lift, e.g., 25 of the units, but if he 
does he is not then exercising a concurrently possessed distinct possi- 
bility. For different maxima in the same range are mutually exclusive. 
So if the person lifts any weight below his current maximum, he is still 
thereby exercising his possibility of lifting that maximum. It is also true, I 
think, that he exercises that same 50 kg possibility on every gram within 
every amount he lifts. And, clearly, it can happen that he actually exer- 
cises his maximally defined possibility, yet never exercises it to the full. 
Analogously, then, one who is exercising the power of living the standard 
human lifespan, say three score years and ten, is engaged in the busi- 
ness of living-three-score-years-and-ten during every decade, year, and 
minute of the duration of her life. That is the kind of life it is throughout, 
just as, on a higher level of generality, it is—throughout—the kind of life 
lived by a mortal animal. Clearly, the specific temporal maximality of the 
life as lived each moment as long as it lasts cannot ensure that the maxi- 
mum is actually reached. A life may be cut short, or one may lose ahead 
of time the conatus to go on. It therefore looks as if it could be true that 


18 The temporal version of this notion does not enter into the treatment of time in 
Phys. 4, but that may be because Aristotle there is interested in time as a dimension for 
ordering and measuring finite events, so that consideration of a duration which is the 
aiv or life of the whole universe would be beside the point. 

1? At Phys. 3.6, 207a15-16, Aristotle criticises Melissus for speaking of the unlimited as 
a whole, by contrast with Parmenides who held that the whole of being is limited. Aristotle 
might have ranged his earlier self alongside Melissus in this respect; see Waterlow (1982) 
76-77. Bogen and McGuire (1986-1987) sections xxv-xxxv, argue that there is no 
inconsistency between the De caelo and Phys. 3 on the unlimited. 
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something is exercising the grand possibility of being*"*5 and yet could 
in the midst of time cease to be, leaving the maximum unaccomplished. 
And similarly for not-being?lv?», 

Aristotle does not trouble about this gap in his argument. Presumably, 
he takes himself to be entitled to assume that the temporal maxima will be 
played out to the full. It may be that his method of demonstrating xadó- 
Nov rather than by appeal to specifically physical principles is designed 
to deal only with ideal cases, abstracting from possibilities of interference 
or failure. (One would not interrupt a geometrical demonstration of the 
path traced by a rolling cone by pointing out that something might get 
in the way.) We might wonder what can be learned about reality from 
a method designed to bring out the attributes of ideal objects. Aristo- 
tle would surely answer that in the case which most concerns him and 
those with whom he is disputing— namely, the being of the cosmos—the 
ideal is necessarily what is physically actual. The cosmos is so good and 
so physically all-embracing that nothing outside or inside it could cut it 
short or make it weary of being. Certainly Plato would have agreed.” 


(6) In any case, let it be that Aristotle has established that what is?" 
cannot not-be, and that what is-not?"?** cannot be. (He has thereby also 
established that what can be and can not-be, both is »”°taways and is-not 
notalways at different times.) He now proceeds to draw some conclusions 
about beginning and perishing: what ist ays js absolutely (GmA@c) (a) 
imperishable and (b) ungenerable (281b20—282a4). Parallel conclusions 
are drawn at 282a21-22 for what is-not?"?*, We also get the obvious 
corollary that nothing generable or perishable is everlasting (dióLog), i.e., 
js*Weys (282a21-22). But we have not yet been given a valid reason for 
accepting that the attributes phtharton and genćton are twins, that ifeither 
belongs to a given subject, so necessarily does the other. Yet this was the 
main point to be proved, if we consider De caelo 1.12 from the perspective 
of 1.10. Aristotle reverts to this agendum at 282a25-26:?! 


If something (a) is agenéton and (b) is—must it be everlasting [i.e., must it 
bea]? And likewise if something (a) is aphtharton and (b) is— (must it 
be everlasting)? 


2 Cf. van Rijen (1989) 95-98. He, like Waterlow, makes sense of the argument and 
sees the gap as covered by the assumption that only things composed of perishable matter 
(Meta. 8.1, 1042b6) are subject to interruption or repression of exercise of possibilities, 
along with the assumption that nothing that can be? "5 F is thus composed. 

?! At this point the discussion I labelled “L?” is under way; it probably starts at 282a14, 
but for a stretch it incorporates some L; argumentation: see 281a21-26. 
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But before examining how he addresses these two questions, we must 
face the fact that, now, at 282a27-30, he announces that he is using 
“agenéton” and “aphtharton” (and therefore by implication their contra- 
dictories) in their central senses (và xvolioc Aeyóuevo), and immediately 
assigns different central senses from the ones established back in chap- 
ter 11, 281a3-6. In that earlier place, the central senses were emphatically 
modal (cf. tò dódvarov xai un óvvduevov, 5), whereas here they are as 
follows: “‘agenéton’ applies to that which is now and of which it was not 
previously true to say ‘it is-not; while 'aphtharton' applies to that which 


» 


is now and of which it will not later be true to say ‘it is-not. 


(7) This different stipulation of central senses for the same pair of terms 
surely tells us that the ensuing passage, and perhaps some of what pre- 
cedes it, belong to a different composition from that of the textually ear- 
lier stipulation. Thus, we have evidence that the entire stretch of argu- 
ment constituting chapters 11 and 12 of De caelo 1 incorporates a piece 
that was originally written separately. There are no obvious boundaries 
marking off this piece, and we should surely assume it was Aristotle him- 
self who worked it into the resulting whole. That what we have is a syn- 
thesis of different compositions would help explain the inconsequential 
character of some of the argumentation.? 

Should we worry that the discrepancy between the two sets of cen- 
tral senses of "agenéton" and "aphtharton" leaves the entire argument 
broken-backed? I think not desperately, for a combination of two reasons. 
First, I suggest, the apparently assertoric set proposed at the textually later 
point is actually no less modal than the overtly modal set proposed ear- 
lier, though modal in a different way. The suggestion is that when Aristo- 
tle says that the aphtharton is that which now is and of which it will not 
later be true to say that it is not, he means that whatever is correctly said 
to be aphtharton is of a nature such that it both is now and will falsify any 
future statement that it is not, and correspondingly for the agenéton. The 
upshot is that (granted the impossibility of interference) the aphtharton 
cannot perish and the agenéton cannot have begun. Thus, these terms 


22 On the inconsequentiality, see Williams (1966) 209-210, also Moraux (1965) lxxxii, 
n. 1 ad fin. (Ixxxiv). Williams and Moraux (writing independently) both conjecture 
different compositions. See Moraux (1966) Ixxxii, n. 1, for evidence drawn from the 
Organon and from Aristotle use of letters as variables at 282a14-21. There may be further 
evidence in the discrepancy, noted by Williams (1966) 207, between 281b28 and 283b13 
(on whether there is a ódvauug Tod yeyóvou). 
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are as strong in the second stipulation of senses as in the first. However, if 
we apply, as I think we should, the “of a nature such that” interpretation 
across the board, then “phtharton” will mean “such that it now is and 
later is not,’ and correspondingly for “genéton”; which is to imply that 
the phtharton must cease and the genéton must have begun. And at 
this point we might worry that the modality of this pair of terms is 
stronger now than when they were introduced earlier, since then they 
were contradictories of “cannot be, then not be” and “cannot not be, then 
be? This worry can be assuaged to some extent if not completely. As we 
are about to see more fully (this is the second reason mentioned above), 
the terms of Aristotle's earlier argument, given certain assumptions, 
enable him to move not merely from “is/is-not” to “can be/not-be, but 
also in the reverse direction. If this liberty could be extended to allow a 
parallel inference from “can begin/perish" to “begins/perishes” then the 
modality of “genéton” and "phtharton" in the first stipulation is no weaker 
than in the second.? Now admittedly there is no logically watertight 
justification, as far as I can see, for extending the liberty in this way. 
The best one can say, which no doubt is rather lame, is that the earlier 
argument created a logical atmosphere favorable to sliding from “can q^ 


to “p »24 


(8) We can now return to the point where Aristotle at last begins squarely 
to address the main question, i.e., whether genêton and phtharton, and 
likewise their contradictories, are mutually entailing. He leads up by 
asking: “If something (a) is agenêton and (b) is—must it be everlasting 
(i.e., must it be2'*)? And likewise if something (a) is aphtharton and (b) 
is— (must it be everlasting)?” (282a25-26). The relevance of this to the 
preceding context is as follows. He has been arguing that what is**** and 
what is-not*W%s (these both count as everlasting) are neither genéton nor 
phtharton (282a21-22; 281b25-30; 281b34-282a4). That reasoning will 
also have made it obvious that whatever is both agenéton and aphtharton 
is in the category of the everlasting. Thus, it is quite natural to ask next 


23 On this interpretation, one must take the contrast between żvepysiq. and Óvvduel 
at 282b19-20 as distinguishing the present being of something that is genéton from the 
merely future being of a genéton that has not been generated yet. 

24 The convergence in meaning of the two lots of central senses does not make it less 
anomalous that Aristotle separately prescribes them both: why do this if the textually 
second prescription neither verbally repeats the first, nor substantially improves on it? 
Thus, the inference to different compositions remains in force. 
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whether just one or other of the two attributes, being agenéton and 
being aphtharton, is sufficient for everlastingness. Aristotle states that the 
answer is "Yes; given and only given the assumption that “agenéton” and 
“aphtharton” entail one another.” And in the course of this he argues 
that on the same proviso “phtharton” and “genéton” entail one another 
too (282a30-282b7).”° 

However, Aristotle next states categorically that “agenéton” and “aph- 
tharton” do entail one other, on the ground (now categorical) that 
“phtharton” and “genéton” entail one another (282b7-9). The latter, he 
says (282b9-10), is “obvious from what was said earlier"; even so, he now 
proceeds to spell the matter out more fully (282b10-22). Finally, having 
established (as he thinks) the inter-entailment of genéton and phthar- 
ton, he proves the inter-entailment of their contradictories (282b23- 
28343). 


(9) But how has Aristotle obtained the premise that genéton and phthar- 
ton entail each other? The backward reference at 282b9-10 is to 282a4- 
21. The argument there, like its explication at 282b10-22, relies on a set of 
relationships which can be represented as a sort of square of opposition. 
But before looking at what the relationships are supposed to prove, we 
must face what to some commentators has seemed a difficulty about the 
terms. The problem is that at 282a4—21 (cf. 282b10-13) Aristotle passes 
to and fro between two apparently quite different sets of terms without 
properly distinguishing them. One is overtly modal, the other is not: 


I A—can bealways B—can not-be?lvays 
D—can not-be™tlways  C—can bentalways 

II A* —is?lways B* —is-notàlways 
D*—is-not not-always C*—is not-always 


?5 282b2 should have a period after adtdav, I believe. The point is that it is clear from 
the definition just laid down (282a27-30) that, given the assumption, aphtharton and 
agenéton severally entail “everlasting? 

26 This is because “agenéton” and “genéton; and “aphtharton” and “phtharton; are 
contradictory pairs: they “do not belong to the same thing, but one or other belongs to 
every given thing" (282b26-28). The first y&o of 282b2 (xai ya) is puzzling if, with the 
editors, we retain it (it is missing from E!, and, as D.J. Allan is inclined to think, from 
Simplicius’ text), since the gist (“phtharton entails genéton”) does not support the point 
about what the definition makes clear (see previous note). Nor should it be supporting 
the truth of the assumption itself, since Aristotle is about to use the latter in showing that, 
it granted, phtharton entails genéton and vice versa. Might the yåọ be an element of xai 
yoo = "Yes, and ..." (Denniston 1996, 109-110) even though this is continuous prose? 
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Let us look first at square II.” It is assumed to offer an exhaustive 
division of everything in the relevant universe of discourse. A* and B* 
are contraries (cf. 282a 6, évavtiov), while C* and D* are called the 
“negations” (drogpdoeis; a10) of A* and B* respectively. From many 
other contexts in Aristotles works, we might have expected a “negation” 
to be the contradictory of that of which it is negation, but this is not so 
here. True, A* and C*, and likewise B* and D*, are mutually exclusive, 
because even if “not-always” is in some sense weaker than "always; it is 
not weaker as "some" than “all” (in Aristotelian logic), or “proper part” 
than “whole, where the stronger includes the weaker. But the pairs A* 
and C*, B* and D*, are also not contradictories because neither pair is 
exhaustive of all options. One exhausts only the options for being, the 
other for not-being. In so far as C* and D* each entail “is some of the 
time and is-not some of the time, they entail each other. Aristotle sees 
C* and D* as “intermediate” between the contraries A* and B* (282a18- 
19). 

Aristotle moves to and fro legitimately between squares I and II be- 
cause the counterpart terms are mutually entailing (so the relationships 
within both squares are the same). The problematic entailments are, of 
course, those running from square I to corresponding points on square 
II, so let us focus on them. (a) We have already seen?? that something to 
which A applies, cannot not-be for any time; hence, given that it must fall 
under some category or other in square IL, it must fall under A*. Likewise 
with B and B*. Now (b) consider something, x, to which C applies; and 
suppose first that x is, then that it is-not. If x is, then it falls under either A* 
or C*; but it cannot fall under A*, given (as would normally be assumed) 
that A* entails A, for then by the earlier argument x would be something 
that cannot not-be for any time. If x is-not, then it falls under B* or D*, 
but it cannot fall under B*, given that B* entails B, for the parallel reason. 
Hence x falls under C* or D*, since it either is or is not. But either way, 
since C* and D* entail one another, x falls under C* and D*. By similar 
reasoning, whatever is D must fall under C* and D*. 


(10) We may now return to “genéton <> phtharton; and the question of 
how this is meant to be established. At 282b8-12, Aristotle writes: 


27 The sets of terms are not set out in squares in our mss, but it is convenient to refer 
to them in this way. 
28 Section 2, above. 
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... genéton and phtharton are implied by one another. This too is clear from 
what was said earlier. For between what is?"?* and what is-not*'"?^ there 
is that which is accompanied by neither (b unóśtegov Gxodovdei),”? and 
this is what is genéton and phtharton ... 


But what was said earlier showed only that C* and D* (= C and D) are 
between the extremes. No doubt Aristotle has been assuming all along 
that A* and B* (= A and B) and C* and D* are all instantiated in the 
universe, and that this is necessarily so. Hence, C* and D* are necessarily 
both instantiated. However, on a straightforward understanding, C* and 
D* each imply no more than variation either way between being and non- 
being. Thus, C* and D* can each be instantiated both by something that is 
and then is-not (perishes) and by something that is-not, then is (begins); 
but nothing guarantees that those two modes of instantiation necessarily 
coincide in one subject. To obtain that result, Aristotle needs a further 
assumption: that whatever falls under C* or D* is and then is-not, or vice 
versa, for a determinate, i.e., finite, time in each case (282b12-14). Given 
this, it is, of course, easy to show that anything under C* or D* must, 
when it is, have begun and be going to cease, and must, when it is-not, 
have ceased and be going to begin again (282b20-23). 

But is it really, as I have just claimed, a further assumption that C* and 
D* import finite durations of being and not-being? One might think this 
constraint is already lurking in the principle whereby Aristotle obtained 
the result that what can be/not-be*'"?* cannot not-be/be. That was the 
principle that being and not-being are exercises of capacities defined 
by temporal maxima. We might think, given the analogy of maximal 
powers for weight-lifting and so on, that what has a capacity for less 
than temporally total being/not-being must have a capacity specifiable 
by a finite number of units. But we are not forced to think this. The basic 
idea is that something goes on being/not-being for as long as it can. Now 
suppose that something begins to be. There is nothing contrary to logic 
about supposing that it has and exercises the capacity to go on and on 
without stopping. We can perfectly well think of that as the maximal 
being-capacity for this type of thing.?? 


29 Le, neither ‘what is??? nor ‘what is-not*""%*. Thus also J.L. Stocks in Barnes (1985), 
and Guthrie (1939). Leggatt (1995) takes uqóśrepov at b11 to refer to to aphtharton and 
to agenéton, which last appeared at b7. 

30 No doubt such a capacity is not for what could be called an aiwv of being, since a 
span, even of the whole of time, is understood as in some way fully bounded. 
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We have seen Aristotle allowing uncountable or immeasurable max- 
ima in certain cases, since unlimited time in a sense implying all time’ 
was treated as a maximum. (Not that this got any support from the anal- 
ogy with weight-lifting powers; could anything lift all the heavy material 
there is, including its own?) So why should Aristotle not permit unlim- 
ited time in the sense of unlimited-in-just-one-direction to function as 
maximal in certain cases? But then the principle of temporal maxima 
would not allow him to draw the desired conclusion that genéton — 
phtharton. It would legitimize beginners that never will cease and ceasers 
that never began. So just on the verge of drawing the desired conclusion, 
he shifts to emphasize determinacy of time, whereas at the beginning he 
had emphasized maximality. He now says: 


... genéton and phtharton are implied by one another. This too is clear 
from what was said earlier. For between what is*"? and what is-not*"%S 
there is that which is accompanied by neither, and this is what is genéton 
and phtharton. For it can both be and not-be, each for a determinate time 
(óptouévov yoóvov); I mean that the being and the not-being are each for 
a given amount of time (zt006v Tia. x oóvov). (282b9-14) 


No mention here of maximality. It is as if mere maximality has been 
quietly forgotten; or, alternatively, it is as if we are now to realize that 
at the beginning and all along maximality was understood as entailing 
determinacy.*! We have seen (section 4, above) how Aristotle (starting 
from his doctrine that the heavenly bodies are animate [cf. De caelo 2.12, 
292a18-21] and everlasting) configures the concept of aimv (determinate 
span of life) so that all of time counts as an aiv. On a more epistemic 
note, one might also point out that "always" provides as logical and 
informative an answer to "How long can it last?" as any phrase expressing 
a finite time, such as “one day" or “7o years.” However, the same might 
be said of the answer "For ever—once it has started.” One might try to 
exclude such an answer on the ground that it fails to pick out a single 
length oftime: it can apply to an item that x started in the 14th Olympiad, 
and to another that started in the 3oth; but even if we grant that one 
of those one-way-infinite durations is shorter than the other—the one 
that started later—why should that rule these cases out of consideration? 
Ordinary finite natural spans are different lengths for different kinds of 
beings. 


31 Cf. yoóvov Twa Woiodai at 281a29. 
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(11) For Aristotle, the question of one-way infinite being/not-being 
comes up rather as an afterthought, after he has concluded that genéton 
> phtharton and, therefore, that agenéton = aphtharton. He writes: 


But to say that there is no reason why something that comes to be should 
not be aphtharton, nor why something agenéton should not be and (then) 
be destroyed (with one-off [Gita&] processes of coming to be in the one 
case and of perishing in the other),? is to withdraw one of the givens,? 
namely: anything can act or be acted on, be or not-be, either for unlimited 
time or for a determinate amount of time (z00óv zwa Woiouśvov xoó- 
vov)—and the reason why something can for an unlimited time is this: 
unlimited time is in a way determinate (protai nog), as being the time 
than which none is greater. But*! that which is unlimited (merely) in some 
direction (tò nù &xewov) is neither unlimited nor determinate.’ 
(283a4-10) 


To this we can reply that whereas a stretch of being or not-being that 
is unlimited in some direction is not unlimited absolutely (ónkAóG, the 
opposite adverb to xf), still it does not absolutely lack unlimitedness, and 
arguably it does not absolutely lack determinacy, since, as we have seen, 
perhaps specifying such a duration does give information on how long 
something can and does last. To insist that any such duration is neither 
unlimited nor determinate in the way or ways relevant to the preceding 
argument is just to stipulate. Perhaps Aristotle senses the weakness of 
this, because he now launches a series of arguments for "agenéton — 
aphtharton" (Moraux (1965) ad loc. calls them "supplementary") which 
seem to be designed to manage without the sheer assumption that what 
is/is-not" ys is/is-not for a finite span. 


(12) But if we return to the point reached just before the postscript 
(i.e., to 283a3), it does look as if the whole argument up to now has 
depended on that assumption. The problem we have just touched on is 
that the assumption is far from obvious to anyone not already prepared 
to interpret all duration in terms of natural spans, and yet is necessary 
for establishing that genéton <> phtharton. However, a fact still more 


32 By contrast with the perpetual repetition implied by his preferred model. 

33 Cf. 281a28-b1. 

34 Keeping the Ó8 of the mss, pace Moraux (1965). 

?5 28328 has been correctly understood by Bogen and McGuire (1986-1987) section 
xxii, and by Verdenius (1969) 275, except that Verdenius distinguishes, as I would not, 
between óotouévov (7) and G_otora (9), thinking the first means “determinate,” the 
second "defined? Williams (1966) 205 also sees equivocation here. 
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exasperating for anyone hoping to find in this passage a decent argument 
over all is that the assumption by itself is sufficient basis for asserting that 
genéton <> phtharton: and evidently so. Grant that what is/is-not" "wss 
is/is-not for a finite span, and you have already granted that what begins 
must end and what ends must re-begin. So expecting the opponent to 
“give” that assumption (283a6) is asking him to surrender on the spot. 
This is one embarrassment. Another is that the whole L, apparatus of the 
squares of opposition marshalling contraries and negations now turns 
out to be unnecessary for the main task of De caelo 1.11-12. If the 
above assumption is granted, that task is thereby accomplished, and 
accomplished very visibly once we are no longer distracted by Aristotle's 
efforts with the squares. 


(13) But before concluding that this material does not represent a per- 
fectly coherent project (as we have already seen reason to suspect), we 
should examine another possibility of interpretation. In section 10, I 
said that C* and D*, straightforwardly understood as implying variation 
between being and not-being, are satisfiable by what is genéton and aph- 
tharton, and by what is phtharton and agenéton. But a slightly more com- 
plex interpretation yields Aristotle's desired result via square of opposi- 
tion II and without question-begging assumptions. Read C* and 'D* as, 
respectively, “is, then is-not” and “is-not, then is.” Then invoke the prin- 
ciple, which has been at work all along, that being and not-being each 
divide exhaustively into the two modes of “always” and “not-always,’ and 
ask which mode is exemplified in the different limbs of C* and D* read as 
above. The answer for “is” in C* is already explicit: it is already presented 
as the “is” of “is, then is-not.. Bringing out the corresponding point for 
the “is-not” of C*, we write this as “is-not, then is,’ thus obtaining for 
the whole C* “is, then [is-not, then is]? This secures that the phtharton 
is genéton. Applying the procedure the other way round to D* secures 
that the genéton is phtharton.?6 On this reading, when Aristotle insists 
at 283a4-11 that the being and the not-being are either for ever or for a 
finite time, he is not clutching at an assumption extraneous to the second 
square of opposition, but is drawing on the meaning of its subcontraries. 


36 Since the procedure is indefinitely repeatable, the same subject begins and ceases 
to be (i.e., be F) infinitely many times. Thus, it seems C* and D* apply only where the 
subjects of the predications are everlasting, which would exclude such classic sublunary 
contingencies as accidents and human voluntary action (De Interp. 9, see esp. 19a12-21; 
Eth. Eud. 2.6.) See Sorabji (1980) 128-130, and Waterlow (1982) 61-62. 
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Unfortunately, there is really no evidence in the text for attributing to 
Aristotle the above analyses of C* and D*.? So it seems safest to adopt 
what I called the "straightforward" interpretation of C* and D*, a course 
which makes the inference to “genéton — phtharton" a non sequitur. 


(14) However, if this is our picture, we should not rest with viewing 
the failure of the whole complicated argument. We should also note 
something of abiding interest here. The argument reveals a fascinat- 
ing moment in the development of modal concepts. The notion here 
forged of a "can be/not-be always" that excludes the possibility of not- 
being/being for any time at all, constitutes a powerful, albeit narrow, 
interpretation of impossibility and necessity. Particularly interesting is 
the fact that in this system contingency cannot be defined as a conjunc- 
tion of possibilities, o p and © ~p, such that the conjuncts are sever- 
ally entailed by, respectively, p and —-p.?* This is because in this systems 
square(s) of opposition the subcontraries entail each other, whereas in a 
regular modal square they are only mutually compatible. 

Thus, here we have a non-synthetic concept of the neither-necessary- 
nor-impossible: i.e., a modality not composed out of two mutually inde- 
pendent elemental possibilities each consistent with, and following from, 
one of a pair of opposed necessities, the necessity of being and the neces- 
sity of not-being. Metaphysically, the possibility of being which belongs 
to something that has also the possibility of not-being is a different sort 
of possibility from (and alien to, exclusive of) that implied by neces- 
sary being. This is clear if we think of that which necessarily is as hav- 
ing its necessary being grounded in a possibility (or power) for being 
such that it is of the very nature of this possibility to exclude any possi- 
bility of not-being (and vice versa for what necessarily is-not). On these 
terms, that which contingently is cannot be defined or even coherently 
described as combining the possibility implied by necessary being (taken 
on its own) with that implied by necessary not-being (taken on its own). 


37 His understanding of the possibility of what is-not by reference to “another time" 
surely means that he interprets “can be/can not-benotalways? as “can be, then not-be/can 
not-be, then be" (cf. rády, 282b21). But nothing in the text encourages us to think that he 
took the further step of analysing what follows the "then" into another expression of the 
form “—, then—" In any case, such an analysis could not provide independent grounds 
for rejecting one-way infinities of being/not-being, since it allows instances of C*and D* 
that are/are-not, never having begun to be/not-be—and then are-not/are. 

38 Kneale and Kneale (1962) 85: “a statement of contingency is a disguised conjunctive 
statement.” 
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When the two-way possibility that constitutes contingency is conceived 
of non-synthetically, the possibilities of being and of not-being involved 
are mutually entailing. 


(15) It is logically possible, of course, that something that possesses 
some kind of non-synthetic possibility of being and of not-being, either 
is, or is-not, at all times. But our passage surely rests on the assump- 
tion that the only basis on which something could be/not-be at all 
times is its possession of what we may call a monolithic possibility of 
being, or one of not-being, i.e., one that excludes any possibility of the 
opposite. Or perhaps, rather, it is assumed that we could not ratio- 
nally assert that something is/is-not at all times unless we presupposed 
for it the relevant monolithic possibility. (Ihe monolithic possibility 
is itself explained in terms of temporally omni-comprehensive natural 
spans of being: we shall return to that notion at the end.) The main 
point now is this: in a scheme where omni-temporal being and not- 
being are grounded on the corresponding monolithic possibilities, that 
which contingently is, is at one time and not at another, and likewise 
mutatis mutandis that which contingently is-not. Hence, not only is it 
the case (a) that the modality of contingency with which we are con- 
cerned is not merely a conjunction, but a mutual entailment, of possi- 
bility of being and possibility of not-being. It is also the case (b) that, 
on the contingent level, actual being and actual not-being are mutually 
entailing (as holding at different times). As we have seen in section 10, 
each of these mutual entailers applies to what is genćton and to what 
is phtharton, but without its logically following that genéton <> phthar- 
ton. 

At 282b14-22, Aristotle assembles the four terms “is*vays” “is- 
notas? *cenéton? “phtharton” as if in a further square of opposition 
(the third in our account). Analogy may have misled him to the conclu- 
sion that its subcontraries ("intermediates b15—17) entail each other— 
analogy with various other squares already invoked in his argument and 
in our commentary, where mutual entailment of subcontraries indeed 
obtains. We can certainly understand why he hoped to validate a category 
that necessarily unites the genéton and the phtharton. If each of these is 
a modular element that could sometimes occur without the other, one 
teaming up with cannot-end, the other with cannot-have-begun, then, at 
that rate, the everlasting (diótov) could turn out to be so by an external, 
or brute, conjunction of the modular element cannot-have-begun with 
the modular element cannot-end. 
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A treacherous analogy, then, should perhaps carry blame for Aristotles 
confidence that genéton <> phtharton, and that this is demonstrably so. 
Certainly, a sense that demonstration is required must be what explains 
the windings of his argument in De caelo 1.12. On the other hand, his 
sense there that demonstration has been achieved is due not only to the 
work he has sunk into elaborating the squares of opposition, but also to 
his assumption, based on considerations in chapter 11 (281a7-27), that 
being and not-being are for temporal maxima. This carries with it the 
claims (a) that one sort of temporal maximum is the complete plenitude 
of time; and (b) that the only alternative sort of temporal maximum is 
a finite length of time. The exhaustiveness of this division is supported 
by the notion that something' duration is its natural and fully bounded 
span. Given (a) and (b), little work is needed to derive the conclusion 
that what comes to be must perish, and what perishes must have begun. 
In fact, it follows trivially. 


Bibliography 


Allan, D.J. (1936) Aristotelis De caelo (Oxford). 

Barnes, J. (1985) ed., The Complete Works of Aristotle: The Revised Oxford Trans- 
lation (Princeton). 

Bogen, J. and McGuire, J.E. (1986-1987) "Aristotles Great Clock: Necessity, Pos- 
sibility and the Motion of the Cosmos in De caelo 1.12, Philosophy Research 
Archives 12: 387-448. 

Bolton, R. (2009) “Two Standards for Inquiry in Aristotles De Caelo? in A.C. 
Bowen and C. Wildberg (edd.), New Perspectives on Aristotles De caelo (Lei- 
den) 51-82. 

Denniston, J.D. (1996) The Greek Particles, 2nd edn revised by K. Dover (Lon- 
don/Indianapolis). 

Denyer, N. (2000) “Never Will and Cannot; Aristotelian Society Supplementary 
Vol. 74: 163-178. 

Guthrie, W.K.C. (1939) Aristotle, On the Heavens (Cambridge, MA). 

Hintikka, J. (1957) “Necessity, Universality, and Time in Aristotle? Ajatus 20: 
65-90. 

, (1973) Time and Necessity, Studies in Aristotles Theory of Modality (Ox- 
ford). 

Hussey, E. (1983) Aristotles Physics Books III and IV (Oxford). 

Judson, L. (1983) “Eternity and Necessity in De caelo 1.12” (a discussion of 
Waterlow 1982), Oxford Studies in Ancient Philosophy 1: 217-255. 

Kneale, W. and Kneale, M. (1962) The Development of Logic (Oxford). 

Leggatt, S. (1995) Aristotle, On the Heavens I and II (Warminster). 

Moraux, P. (1965) Aristote, Du ciel. (Paris). 





50 SARAH BROADIE 


van Rijen, J. (1989) Aspects of Aristotles Logic of Modalities (Dordrecht). 

Sorabji, R.R.K. (1980) Necessity, Cause and Blame (London). 

Verdenius, W.J. (1969) “Critical and Exegetical Notes on De caelo; in I. Düring 
(ed.) Naturphilosophie bei Aristoteles und Theophrast (Heidelberg) 268-284. 

Waterlow, S. (1982) Passage and Possibility: A Study of Aristotles Modal Concepts 
(Oxford). 

Williams, C.J.F. (1965-1966) "Aristotle and Corruptibility Religious Studies 1: 
95-107 and 203-215. 


TWO STANDARDS FOR INQUIRY 
IN ARISTOTLE'S DE CAELO 


RoBERT BOLTON" 


One must not look for the same 
accuracy in Àóvyot as in what comes 
through perception. 


(Pol. 7.7, 1328a19—21.) 


1. Aristotle's scientific method in the De caelo 


It hasbeen clear since ancient times that the De caelo raises puzzling ques- 
tions concerning Aristotles scientific method. Already in Simplicius, for 
instance, we find clear attempts to identify peculiar features of Aristotles 
method in the study of the heavens (Diels 1882, 292.3-20; Heiberg 1894, 
510.19-31). Most, if not all, of the questions arise most prominently in 
connection with passages found in books 1-2, a fact that perhaps itself 
calls for an explanation. But for the investigation of these questions it is 
most useful to begin with what is arguably the most important remark 
on method in the De caelo, which comes in a passage in book 3, chap- 
ter 7. There Aristotle is discussing how the basic sublunar elements— 
earth, air, fire, and water—are generated from each other. He criticizes 
at some length on methodological grounds the view expressed in Platos 
Timaeus that there is one exception to the general rule of the transforma- 
tion of these elements into each other, namely, in the case of earth. Earth 
alone, Plato says, cannot be transformed into the other elements (54c- 
56d). This results from the need, in order to achieve the greatest perfection 
in the cosmos, as Plato puts it, to use two different types of basic triangles, 
or triangular surfaces, not constructible from each other, in order to build 
up the regular geometrical solids which, on Platos account, compose the 
different elements (53c-55d).' In response, Aristotle says this: 


* Rutgers University. 
1 Earth alone, on Platos story, is built up out of isosceles right triangles while the 
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It is not reasonable (suAoyov) for it to turn out that one element alone 
[earth] has no part in the transformation [of the elements into each other]. 
Neither is it apparent on the basis of perception; rather [on this count] all 
[the elements] change equally into each other. As a result, [the Platonists] 
offer accounts which concern the qouvóueva while their accounts are not 
in agreement with the qouvóueva. The reason for this is that they have 
not acquired their first principles in the proper manner; rather, they were 
determined to bring everything into conformity with certain fixed ideas. 
For surely the first principles that concern sensible things must conform 
to the sensible, those that concern eternal things to the eternal, those that 
concern perishable things to the perishable; in general, principles must 
be conformable to their subjects. But because of their affection for their 
principles, they proceed like people who are defending their theses in 
reasoned arguments (èv totic Aóyotg). For holding their principles fixed as 
true they abide any consequence [of them], not seeing that it is necessary 
to judge some types of principles in the light of their consequences, in 
particular of what is ultimate. The ultimate thing [to judge a principle by] 
in the case of productive knowledge is the product; in the case of natural 
science, it is what is, in each case, authoritatively apparent from perception. 

(De caelo 3.7, 30623 ff.) 


Here Aristotle says quite plainly that the final test of the adequacy of 
any theory in natural science is whether the appropriate empirical impli- 
cations or consequences of the theory are in fact properly apparent to 
perception.’ Aristotles complaint is that the Platonists discount the per- 
ceptually obvious transformation of earth into the other elements, for 
instance, no doubt, when earth or some earthy matter such as wood burns 
andis seen to change to fire and air. In Tim. 49b-c, Plato himself acknowl- 
edges that we do suppose that we see earth changing into other elements, 
but he then argues (53b-c) that this needs to be explained away in the 


other elements are all constructed from scalene right triangles and thus, he holds, are 
transformable into each other (Tim. 54aff). 

? There are disputes in the literature as to exactly what Aristotle means here by the 
proper or authoritative perceptual data in each case. Some have suggested that Aristotle 
has in mind only the types of perceptual data that in the De anima he describes as free 
from error or, more carefully, as least subject to error, namely, data that have to do with 
the so-called special sensibles (iota aiodnTrd.), such as color in the case of sight (2.6 and 
3.3, 428b18). The proposal seems to be that Aristotle wants to specify an incorrigible, or a 
practically incorrigible, empirical base for the final validation of claims in natural science. 
See Irwin (1988) 33-34 with 314-315; Taylor (1990) 137-142. Cf. Owen (1986) 243. But 
when Aristotle refers to the perceptual data that are authoritative dei (306217), he does 
not have in mind one type of always inerrant data but rather the data that are "in each 
case" authoritative. See notes further below. 
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light of what is required for the most perfect cosmos.’ It is very likely 
that it is just this move by Plato in the Timaeus that leads to Aristotle's 
complaint in De caelo 3.7 that Plato is too determined to hold on to 
certain “fixed ideas" (66Eac dorouévac).* 

This same approach is evident in many other passages in the De caelo 
where Aristotle is clearly relying on the same methodological rule stated 
in 3.7. In 2.13, 293a17 ff., for instance, Aristotle objects to the heliocen- 
tric (or pyrocentric) view of the universe adopted by some Pythagoreans, 
with its assumption of an imperceptible “counter Earth” which accompa- 
nies the Earth in its motion, because 


they do not look for accounts and causes that relate to the pawóueva but 
rather they drag and try to adjust the matvouevea in relation to certain of 
their own doctrines and opinions. (293a25 ff.) 


Here Aristotle again objects to the sort of holistic approach which would 
permit one to adjust any @atvoueva. by reference to theory. In Meta. 
1.5, Aristotle discusses further the Pythagorean view and says that they 
posited the invisible counter Earth, in particular, in order to bring the 
number of the moving heavenly bodies up to the perfect number ten 
(986a3 ff.). So here we have another case of the same type of reliance 
on dogmatic mathematical or numerological starting points for which 
Aristotle criticizes Plato in De caelo 3.7. Asbecomes clear in De caelo 2.14, 
296a24-b6, where Aristotle responds in detail to the view that the Earth 
moves, either around a central fire or otherwise, the pauvóueva that the 
Pythagorean proposals conflict with include observable data concerning 
the natural motion of bits of earth towards the center of the Earth and the 
movements of the fixed stars in relation to the Earth. These perceptual 
data, Aristotle argues, require a geocentric view. 

A later passage in 2.14, 297b23 ff. provides us with yet another clear 
use of the rule of 3.7. Here Aristotle argues for a spherical shape for 
the Earth and also for its relatively small size, on the ground that this 
accounts for the appropriate perceptual phenomena (q@atvoueva natà 
tiv aiodnow, 297b23 f.). These phenomena include the special chang- 
ing patterns of light and shade on the Moon during a lunar eclipse, 


3 [n this type of case, the main visible perceptual data do not have to do with special 
sensibles, such as colors, but rather with what the De anima calls incidental sensibles (2.6, 
418a20ff.), such as earth and its transformation into other elements. So, Aristotle cannot 
mean here to restrict the ultimate authoritative perceptual data for judging a given theory 
in natural science to those that concern special sensibles alone. 

^ See also De caelo 2.7, 289219 ff. where changes of the type in question are mentioned. 
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which are explained, Aristotle says, by the spherical shape of the Earth 
(297b24-30); and the particular observable changes in the visibility of 
certain stars when we move about the Earth, which are explained accord- 
ing to Aristotle by the relatively small size of the Earth (297b3off.). 
In 2.12, 292a1ff., Aristotle famously cites his own observation, as it 
seems, of the occultation of Mars by the Moon (on the evening of 4 
May, 357 BC by some modern calculations) in support of the claim that 
Mars is further away from the Earth than the Moon. He refers there 
also to extensive Egyptian and Babylonian records of similar observa- 
tions.” 

One further feature of Aristotles uses of perceptual data in the De caelo 
is worth special attention. As final evidence for the Earth’s small size in 
2.14, Aristotle cites the calculations of “the mathematicians” (298a15 ff.). 
This duplicates an earlier reference in 2.14, 297a2 ff. to the qouvóueva 
reported in “what the mathematicians say concerning astronomy.” In- 
cluded here are reports of the relative movements and positions of the 
heavenly bodies (29744 ff.). In 2.10 also, Aristotle cites various similar 
data from the astronomical works of “mathematicians” (291a29-32 with 
bo). These references to mathematicians as assemblers of relevant observ- 
able data for the confirmation of theories in astronomy are duplicated 
in other important texts outside the De caelo which offer general pro- 
nouncements on proper method in science. One is in De part. an. 1.1 
where Aristotle contends that in general the natural scientist must pro- 
ceed "just as the mathematicians do in their proofs in astronomy ... first 
looking to the qouvóueva ... and then stating their causes and ‘why’” 
(639b; ff. with 640a13-15). An even more general rule of this same type 
is set down in very similar terms in An. prior. 1.30, where Aristotle says 
this: 


5 In none of these further cases, where Aristotle clearly relies on perceptual data to 
settle various questions definitively, are the perceptual qouvópueva restricted to special 
sensibles. These passages, then, all cast further doubt on the contention that Aristotle is 
looking for some incorrigible empirical base for the validation of his views in astronomy, 
since the other types of perceptual data on which he standardly relies are not in the least, 
for him, incorrigible. So, if Aristotle does indeed suppose, as De caelo 3.7 indicates, that 
there is some foundational base of authoritative perceptual porvóueva such that theo- 
retical proposals must ultimately be judged in any given case by reference to these types 
of qouvóueva but not vice versa, these foundational pawóueva will not be epistemically 
incorrigible. 
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Most of the principles in each science are unique to it. Therefore, it is the 
role of experience (éustetoia) to yield the principles of each science. I mean, 
for instance, that experience in astronomy yields the principles of astro- 
nomical science, since it was only when the qatvoueva were adequately 
grasped that the demonstrations [of the matvoueva] in astronomy [and 
thus the principles, on which genuine demonstrations must be based] were 
discovered. The same is true of any art or science whatever. (46a17-22: 
cf. An. post. 1.13, 78b34-79a6 and 2.19, 100a6-b5; De an. 1.1, 402b21 ff.) 


From these closely connected passages, then, it is very clear that Aristotle 
regards all of the various types of empirical data concerning the move- 
ments of the heavenly bodies and related phenomena, assembled by the 
mathematicians (as he calls them) who have attempted to explain these 
data, as paradigms of the sorts of perceptual data that he takes to con- 
stitute the necessary and the ultimate authority for testing and judging 
the merits of any proposal in astronomy or any other science or disci- 
pline.* 

However, though this strict empirical standard of confirmation is 
clearly and repeatedly articulated in De caelo 3.7 and elsewhere, and 
though it is followed with some obvious success, for instance in 2.13-14, 
much, indeed most, of what Aristotle claims and argues for in De caelo 1- 
2 is not defended on any such basis. In 1.1 for instance, Aristotle opens 
the work with a defense of the claim that the magnitudes with which 
natural science deals come in only one, two, or three dimensions so that 
the three dimensional magnitude is the complete or perfect magnitude. 
His argument for this goes as follows: 


6 In taking this stance, we should remember, Aristotle is directly controverting Plato's 
strong opposition in Resp. 7, 528eff. to the use of just such empirical data in proper 
theoretical astronomy. There Plato declares that there is no śriorńun of any perceptible 
things (alodnTrd, 529b). So, if it is indeed correct, as has often been suggested, that 
Aristotles views on scientific method, particularly in the Analytics, follow Platos in that 
they are strongly influenced by the practices of mathematicians in his day, it is important 
also to see that the assembling of empirical data by astronomers of the sort we have just 
been describing counts for Aristotle himself as a necessary starting point for the proper 
practice of one branch of mathematics. As he says more explicitly in An. post. 1.13, the 
facts (to Ott) or the qatvóueva that one branch of mathematics, namely “mathematical 
astronomy; is required to explain are those provided by “perceivers” (aioðntxoi, 78b34- 
79a6). So, this one branch of mathematics has as a part of its very content theorems, or 
conclusions of demonstrations, supplied and suppliable only by “perceivers” (cf. Meta. 
12.8, 1073b3-8, 32 ff.) In An. prior. 1.30, Aristotle says that this same pattern holds for 
“any art or science whatever” and, thus, by implication, for any branch of mathematics 
(46a21-22). 
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Besides these three there is no other magnitude because “three are all” and 
“in three ways” is “in all ways.’ For just as the Pythagoreans also say, the 
whole world and all things are delimited by three, since end, middle, and 
beginning give the number of the whole and they give the number three. 
This is why, having taken it from nature as if it were one of her laws, we also 
use this number in the worship of the gods. And we also make attributions 
in this manner since we speak of two things or two people as both not all, 
and we use the latter appellation [all] first of three ... So, since all things 
and the whole and the complete [or the perfect (téAetov)] do not differ 
from one another in form [i.e., in threeness] but, if at all, in their matter 
and in the things of which they are said, only a body will be a complete 
[or perfect] magnitude since it alone is determined by three and this is 
all. 

(268a8 ff.) 


Needless to say, this argument, if one may call it that, makes no reference 
at all to any authoritative perceptual phenomena. Nevertheless, it is 
the only argument that Aristotle offers for the first main thesis that he 
tries to defend in the De caelo. Many other arguments, if not most, 
in the first two books follow a similar pattern. For instance, in 1.2 
Aristotle supports the claim that there are just three types of simple 
underived locomotion in the universe—namely, away from the center, 
towards the center, and around the center—by an explicit appeal to his 
earlier contention, drawn from Pythagorean sources, that completeness 
or perfection is achieved “in three” (268b24f.). Then, at 269a2 ff., on the 
basis of his conclusion that circular movement is simple, since the circle 
itself is simple (268b19), and of the further contention that every simple 
movement must belong by nature to some simple body, i.e, one with 
its own unique underived natural direction of motion (b26f.), Aristotle 
then infers that there must be a simple body, different from the four 
traditional mundane elements, a body whose natural motion is circular 
(cf. 269a30 ff.). Here again, certain main premises of Aristotles argument, 
such as the premise that the circle is simple and the premise that every 
simple movement must belong by nature to some actual simple body, are 
not in the least defended by appeal to any perceptual phenomena. Later, 
Aristotle himself refers to related premises only as a basis that one may 
posit (5ztoAoeiv) for reasonable (eVAoyoc) argument (1.3, 270a12ff.; 
cf. 269b18-23). 

In De caelo 2.2, 284b6 ff., Aristotle argues further for various other 
remarkable cosmological conclusions, such as, for instance, that by cer- 
tain calculations we, i.e., the Greeks, live in the lower left-hand part of 
the universe (285b24), largely on the basis of what he treats simply as a 
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reasonable extension of the Pythagorean doctrine that there is a natural 
right and left in the universe.” He extends this to include a natural up 
and down and front and back, as in certain animals (284b18 ff.). In 2.4, 
286b10 ff., Aristotle argues for the sphericity of the whole universe on the 
ground that this is “most appropriate" (oixetotatov) for it, and since the 
sphere is by nature the primary solid. This latter claim is in turn defended 
at 286b11ff., on the ground that the circle is the primary plane figure 
(because its boundary line alone is one and complete and what is one and 
complete is prior to what is many and incomplete), and since “as the circle 
is among plane figures so is the sphere among solids" (286b25 f.). This is 
Aristotles first main argument here for the sphericity of the universe. He 
then argues further (286b27 ff.) for the primacy of the sphere and, thus, 
for the sphericity of the universe on the ground that this is supported by 
the geometrical account of the generation of bodies from plane surfaces 
found in the Timaeus. His later argument continues in a similar vein 
(286b33-287a10).* 

The most striking thing about these various arguments, and many 
others like them that one could cite, is not simply their failure to pay any 
heed at all to the strict empirical standard for final confirmation on which 
Aristotle later insists, though that is striking enough. It is rather that these 
arguments all rely on materials of a Pythagorean and Platonist character, 
based on numerology, on claims concerning the primacy, completeness, 
simplicity and perfection of certain mathematical entities and the like, 
materials of just the type that Aristotle explicitly rules out of court and 
dismisses as dogmatic “fixed ideas” in the passages where he lays down 
and employs his strict empirical standard. The rather stark question, 
then, which his procedures pose for us is just this: How can Aristotle use, 
in many passages in the De caelo, apparently without qualms, a mode of 
argument which in other passages he clearly denounces on grounds of 
methodological principle? 


7 On Aristotle’s use of such directional principles in cosmology, see also the paper by 
J. Lennox in this volume below. 

8 On the problem of the sphericity of the universe see also P. Pellegrin’s paper in this 
volume. 
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Now we might simply regard this problem as providing supporting evi- 
dence for the view of many modern commentators that in general the De 
caelo is an amalgam of incompatible doctrines, in methodology as well 
as in positive astronomy, perhaps because it contains strata from differ- 
ent periods of Aristotles development.” But this type of view, I take it, 
should only be adopted as a last resort in case we are unable to find a 
basically consistent account of what the text presents to us. As a starting 
point, in attempting to reach such an account of the methodology of the 
De caelo, it will be useful to look again at our main passage in 3.7 where 
we have seen Aristotle set out his strict empirical standard for confirma- 
tion in astronomy (30623 ff.). If we look carefully, we see that Aristotle 
does not in fact present there just this one empirical standard. Rather, 
he complains about the Platonists’ doctrine concerning the transforma- 
tion of the elements on two counts. He says first (306a3) that this view is 
not reasonable (evAoyov), and only secondly does he say that it conflicts 
with the relevant perceptual data.!? We can see that Aristotle does mean 
to introduce a dual standard here, since he goes on to give us an explicit 
example of what he has in mind in saying that the Platonists doctrine is 
not evAoyov. 


But, in fact, in the case of the bodies that are resolved [into each other on 
the Platonic theory], the stranding (1a oawoonoic) of the triangles is not 
reasonable (evAoyoc). This [stranding] results from their transformation 
into each other because each [elemental] body is composed of a different 
number of triangles. (306a20-22) 


As commentators have pointed out, on Platos account of the transforma- 
tion of water into air, for instance, certain triangular surfaces are left over 
which, at least temporarily, are not the surfaces of any body.!! But it is just 
not evAoyov, Aristotle complains, that there should be surfaces left dan- 
gling which are not the surfaces of anything. Here Aristotles complaint 
is not that this goes counter to observation since, as the Timaeus indi- 
cates, the basic triangular surfaces on Platos account are imperceptible 
(see 56b-c). Rather, Aristotles complaint is that it just makes no sense to 


? For views of this type, with further references, see Moraux (1965) cvi, ff. 

10 Cf. Simplicius (Heiberg 1894, 642.7-14), who says that Aristotle argues ôtyõs 
against Plato, Go tot Aóyov and dmnó ts aioürjogoc. As we shall see in detail, this is 
exactly right. 

11 So already Simplicius (Heiberg 1894, 647.3 ff.). 
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commit oneself to surfaces that are not the surfaces of anything. In 
other passages also in the De caelo, Aristotle often draws a clear contrast 
between what is £0Xoyov and what is directly evident from perception. 
In De caelo 2.11, for instance, Aristotle contrasts evAoyws argumentation 
for the conclusion that the shape of each heavenly body is spherical 
(291b11ff.) with other arguments for this conclusion based on what 
is shown "through the things in the province of sight (Sia vóv meQi 
tùy Ot)” (291b17 ff.). In 2.12, again, Aristotle contrasts one view that 
“would be held to be suAoyov” on certain grounds (291b31 ff.) with 
another opposite view based on “what has come to us by sight" (29223 ff). 
How, then, are we to understand the nature of Aristotles contrast between 
these two different sources of evidence—(1) the perceptually apparent 
and (2) the reasonable? 

The appeal by Aristotle to what is or is not reasonable (evAoyov) is 
very common indeed, especially in the De caelo but also in his other sci- 
entific works.'? It is important to see, further, that Aristotle uses a fam- 
ily of related locutions to introduce this type of appeal. For instance, in 
his continuing discussion in De caelo 3.8 of the Platonic account of ele- 
mental transformation, Aristotle argues that this account is unreasonable 
(GAoyov) since, given their shapes, Platos basic elemental solids cannot 
all be combined together to produce larger visible bodies without leav- 
ing gaps of void or empty space between the basic elemental solids that 
make up the larger bodies (306b3-9). Aristotle does not explain just why 
he thinks this is unreasonable, but presumably he has it in mind that this 
means that the larger bodies would be constituted in part out of nothing, 
an idea which earlier in 3.2 he rejects out of hand (302a5). Also, as in 
3.7, Aristotle goes on (306bo ff.) to contrast this one type of difficulty for 
the Platonic theory—that it unreasonably constructs bodies in part out of 
void—with another type of difficulty, namely, that observation shows that 
air and water in particular fill up completely and without remainder the 
vessels which contain them, no matter what shape the vessels may have. 
He describes the former type of objection here as xatà Aóyov (306b16) 
by contrast with the latter type of objection which is based on the appeal 
to perceptual data. So here, the expression xatà Aóyov (“in accord with 
reason’) is used as a substitute for £0Xoyov ("reasonable"). 


12 See Bonitz (1870) 297a42 ff. There is a still useful survey of Aristotles uses of sUho- 
yog in the study by LeBlond (1938). LeBlond does not, however, sufficiently investigate 
Aristotles parallel uses of other related locutions. 
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There are many other passages where the equivalence of these two 
modes of expression is even more directly expressed. This occurs for 
instance in De caelo 2.12, 292b25 ff., where Aristotle initially uses evAo- 
voc (b28) and then shifts to xatà Aóyov (b31; cf. 2.10, 291a 32 and b3; 
3.8, 306b9-16; Phys 3.7, 207a33 and b1).'* In line with this, the contrast 
which we have seen in De caelo 3.7 and elsewhere between the appeal to 
what is edhoyov and the appeal to what is supported by the perceptual 
qouvóueva. is matched, for instance in De caelo 2.14, by a parallel con- 
trast between support which is wara vóv Aóyov (297b17) and support by 
direct reference to what is perceptually apparent (297b23 ff.). This type 
of contrast, moreover, between what is xatà TOV Aóyov and what is natà 
tiv aiodnow is itself also found in various forms in very many passages 
in the physical treatises and elsewhere (see, e.g., Phys. 8.8, 262a18-19; De 
gen. an. 3.10, 760b27- 33) Bonitz (1870, 435245 ff.) lists many of these in 
his Index under Xóyoc, but some that he misses deserve special attention 
here if we want to understand the historical background and the signifi- 
cance of Aristotles contrast between what is suAoyov or xatà Aóyov and 
what is 4a à thv alodnow. 

We may begin with Top. 1.11, 105a3 ff. where Aristotle contrasts two 
types of questions, those which may be dealt with by Aóyog or reasoned 
dialectical argument and others which can and should simply be settled 
by perception, such as whether snow is white or not. To see the back- 
ground and significance of this contrast, which we have also found to 
be prominent in the De caelo, it is useful to consider several related pas- 
sages in the Metaphysics. In 1.6, 987b27 ff., Aristotle claims that Plato was 
the first to posit numbers and forms as separate from perceptible things. 
This, Aristotle says, resulted from Platos mode of inquiry èv totic Aóyotg. 
Here Aristotle uses the very same language which we earlier saw him 
use in De caelo 3.7, where he also describes Plato as defending his the- 
ses £v toic Aóyolg in disregard of the relevant perceptual data (30623 ff.). 
Plato was the first to use this mode of inquiry, says Aristotle, since ear- 


13 [n De gen. et corr. 2.3, after he has identified the four possible pairings of the 
elementary qualities—hot, cold, wet, and dry— Aristotle says this: 


It is wara. Aóyov that these [four possible pairings] go with the [four] evidently 
simple bodies—fire, air, water, and earth. For fire is hot and dry, air is hot and wet 
(since air is like vapor), water is cold and wet, and earth is cold and dry. Thus, 
these [qualitative] differences are allotted £0Aó'oc to the primary bodies and the 
number of these is xata Aóyov. (330b1-7) 


See also Bonitz (18770) 297b7 ff. 
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lier thinkers were innocent of dialectic (987b29—33; cf. 9.8 1050b35). As 
Ross and other commentators point out, in his reference to Plato here 
Aristotle seems clearly to have in mind the well known passage in the 
Phaedo (99d-1002a) where Socrates dissociates himself from the percep- 
tual or empirical inquiries of his physicist predecessors and turns instead 
to inquiry in Aoyot (Ross 1924, 1.172-173). Ross himself translates the 
word àóyog in Aristotles report in 1.6, 987b31 as "definition? But in 
Phaedo 99dff, Socrates does not turn from an empirical to a definitional 
inquiry. He turns rather to a particular mode of reasoned argument based 
on the use of hypothesis, which involves no special focus on definitions 
(100a, 101d-e). As we have just seen, Aristotles discussion in 1.6 indi- 
cates that he thinks of the Platonic use of Aóyog in the Phaedo as a use of 
dialectical argument, and Aóyog in this passage should clearly be under- 
stood in this sense." Earlier, when he wants to talk particularly about 
Socrates interest in definitions, Aristotle uses the terms ógtouóc or GEOG, 
not Adyos (Meta. 987b3,6). 

This, then, helps to set the historical background for Aristotles own 
contrast in Top. 1.11 between Aóyog (reasoned dialectical argument) 
and perception as alternate ways to try to settle things; and it shows 
us the influence of the Phaedo in fixing this contrast in these terms as 
an important one in subsequent discussions of methodology." In later 
passages in the Metaphysics, as Ross also points out, Aristotle returns to 
the discussion of the special Platonic mode of inquiry in Aóyou and he 
describes it generally in two further closely related ways: 


(a) as inquiry using Adyot that are xaðóñov (13.8, 1084b23-25; cf. An. 
post. 1.24, 85a 37 ff.), and equivalently 

(b) as inquiry that is AKoyin@c (12.1 1069a26-28) or which uses argumen- 
tation that is Aoyixy. (14.1 1087b18-21) 


This last characterization of Platonist procedure is repeated in an impor- 
tant methodological passage in De gen. and corr. 1.2, 316a3 ff., where 
Aristotle contrasts the Platonist? Aoyvóc mode of inquiry based on 
extended Aóyov or reasoned arguments (£x TOV TOAAWV Aóyov), with the 


14 For the use of hypothesis as employed in Phaedo 99dff, as a standard device in 
dialectical argument, see Top. 1.18, 108b12-19; 3.6, 119b35 ff. 

15 Plato himself is no doubt influenced by earlier uses of this type of contrast by, 
for instance, Parmenides who already contrasts reliance on perceptual experience with 
reliance on Aóyoc (Diels and Kranz 1956, 28B7). Another traditional version of this 
distinction is preserved in Aristotles Eth. Nic. 10.1, 1172a34ff. 
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proper pvoixóg mode of inquiry for a natural scientist which, he says, is 
based fundamentally on extensive experience of the observable facts of 
nature (316a5-14). In these passages, then, we have two further closely 
related descriptions of that particular mode of support which, following 
the Phaedo, Aristotle himself wants to contrast with the empirical mode 
which he says in the De caelo, An. prior., and De gen. et corr. is proper and 
ultimate for the natural scientist. In sum, this alternate mode of support 
makes use either of what is £0Xoyov or of what is nara AOyov or xatà 
tov hóyov xadóhov or of what is Aoytxdc. 

Aristotles use of the expression Aoyuóv is of particular interest. In 
Top. 5.1, he introduces the term Aoyióv to characterize that type of 
problem which is particularly suitable for treatment in ^óyou that is by 
reasoned dialectical argument—which he earlier opposed to perception 
(1.11, 105a3 ff.). He says: “A problem is Aoyizóv with respect to which 
there arise many xahoi Aóyov (129a30-31). So, a Aoyvxóc treatment of 
a problem, according to the Topics, is a treatment of it in “nice arguments” 
as opposed to a treatment of it by direct or ultimate reference to the data 
of perception. This, again, clearly reflects the Platonic precedent in the 
Phaedo.'6 Also, as is well known, Aristotle often contrasts in the physical 
treatises a mode of inquiry which is Aoyixóg with one which is qvov«óc, 
i.e., special to the natural scientist (see Bonitz 1870, 432b7; cf. De caelo 
1.7, 275b12). In Eth. Nic. 7.3, qvov«óc argumentation is that which “one 
must hear from the natural scientists" (1147a24, b8-9). In line with what 
we have already noted, in De caelo 1.12, 283b17 this contrast is alternately 
framed as a contrast between @voixdc inquiry and xadóhov inquiry. 
More generally, in An. post. 1.22 for instance, Aristotle contrasts Aoyrxóg 
procedure or argumentation with avahutixdc (scientific) argumentation 
or procedure (84a7 ff.). He says in An. post. 2.8 that a Aoyixós proof 
cannot be a demonstration, i.e., a scientific proof (93a14-15). As we 
have seen in De caelo 3.7, a part of what is required for proper scientific 
voixdcs procedure is the final confirmation of theoretical proposals by 
reference to the appropriate perceptual qouvóueva. This, as Aristotle 
says there, is what is ultimate and authoritative in pvowi) (306a16). 


16 In Top. 1.14, Aristotle divides problems into did, pvoxá, and Aoyuxd. The later 
tradition came to treat these types of problems as belonging to three separate branches of 
theoretical philosophy. But as we can see from Topics 5.1, as quoted above, for Aristotle 
these types of problems are not mutually exclusive. A “physical” problem may also be 
Noyuóv if it is especially suitable for treatment by Aóyot. Or it may not be, as in the case 
of the question whether snow is white or not. See, further, on this matter, below. 
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In De gen. et corr. 1.2, he again emphasizes, as we have noted, that 
it is puoixóg inquiry by contrast with Aoyixóg inquiry that achieves 
success by finding principles that account for the authoritative observable 
phenomena (316a5-14). So, as we can now clearly see, Aristotles appeal 
in De caelo 3.7 not only to what is proper and ultimate for qvo but 
also to an alternate mode of procedure that validates results by appealing 
to what is evAoyov, itself follows a pattern that is very common in his 
scientific works generally, one that we can detect not only by Aristotles 
use of the word evAoyov but also by his use of the other closely related 
expressions such as xatà Aóyov, Aoyvxóc, and xadóAov. So, the dual 
track for inquiry and confirmation that we find in De caelo 3.7 is in 
all these various guises very common throughout Aristotle's scientific 
works. 

The main importance of this result for our present purposes is this. In 
all of the texts from De caelo 1-2 that we have considered earlier, where 
Aristotle evidently ignores his strict empirical standard for confirmation 
and seems rather to make more use of characteristically Pythagorean 
and Platonic modes of argument, he himself describes his results and 
his argumentation either as £0Aoyov or xaxà hóyov or by use of one 
of the other related expressions that we have been investigating. In 1.1- 
2, for instance, where Aristotle defends certain theses by reference to 
the Pythagorean numerological doctrine of the completeness and per- 
fection of the number three, he describes his results as xatà tov hóyov 
(268b5) or as xatà Xóyov (268b25). In 1.2-3 Aristotle indicates that his 
arguments for the existence and character of the fifth body are based on 
what is reasonable (evAoyov, 270212). In 2.2 Aristotles extension of the 
Pythagorean doctrine that there is a natural right and left in the universe 
to include a natural up and down and front and back, by analogy with cer- 
tain animals, is recommended as evAoyov (284b19, 23). The arguments 
in 2.4 mentioned above for the appropriateness of a spherical shape for 
the universe are based largely on wadóhov considerations (286b12), and 
on appeals to what is edhoyorarov (286b34).1 The first two books of the 
De caelo are in fact noteworthy among Aristotles physical writings for the 
frequency with which he makes use of this mode of argumentation." 


77 For further discussion of the particular details of these arguments, see the contri- 
bution by P. Pellegrin to this volume. 

18 See the tables in LeBlond for data on the frequency of Aristotles uses of ebAoyos, 
but not of the other expressions. For a use of Aoyv«óc in De caelo, see 1.7, 275b12. 
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So, rather than inexplicably ignoring or abandoning strict puowzóg 
procedure in these texts, Aristotle instead is consciously using the alter- 
nate mode of procedure and argument that he regards himself as also 
entitled to employ in his inquiries in natural science, a procedure which 
has a historical antecedent, at least, in Plato’s turn in the Phaedo away 
from empirical data to the consideration of things in Aóyot or reason- 
able dialectical arguments. This makes it crucial for us, if we want to 
understand what Aristotle thinks he is doing in these texts where he 
employs evAdyws or Aoyix@c argumentation, to try to say exactly what 
this procedure is for him, why he thinks it is necessary in astronomy, and 
what he thinks its merits and limitations are. This is of added impor- 
tance in the study of the De caelo, since perhaps the two most prob- 
lematic chapters in the work, 1.12 and 2.12, rely very heavily on this 
mode of argument. In 1.12 Aristotle argues against the one-way eter- 
nity of the universe—into the past or into the future but not both. At the 
end of the chapter he describes his main mode of argument as xaXov 
as opposed to pvowxóg (283b17-18; cf. 1.10, 280a32). In 2.12 Aristo- 
tle tries to account for the pattern of the differences in the number and 
character of the movements of the different heavenly bodies by view- 
ing the actions of these bodies analogically as “of such a sort as those 
of animals and plants” (292b2; cf. 292a20). Here, as we have seen, he 
explicitly relies on what “would be held to be evAoyov” (291b31) or what 
“would be held to be nothing naodhoyov” (292a21) as opposed to what 
would be apparent from close observation (292a14ff., with 2.3, 286a3— 
7),19 


19 Tt is important to stress, as commentators often have, the highly analogical character 
of Aristotle's argument in De caelo 2.12 where he asks us to consider the heavenly bodies 
as of such a sort as living things (see recently, e.g., Leggatt 1995, 247-250). This itself 
makes it unlikely that Aristotle means here to be importing scientific principles from his 
biology as principles that have strict scientific standing here. We shall see further evidence 
for this below. Some of the main materials used in his biology on which Aristotle draws 
in developing his analogical comparison of the heavenly bodies with animals, in 2.12 and 
more especially earlier in 2.2, are fully discussed in J. Lennox contribution to this volume. 
See also the account of these and related matters in Morison (2002). There is not space 
here to discuss the proposal of some scholars that Aristotle uses hg at 292a20 to mean 
only ‘as if so that he does not mean to actually commit himself in 2.12 to the view that the 
stars, and so forth are living things (see Leggatt 1995, 248-249 with references there.) As 
we shall see, the tentativeness of Aristotle’s discussion here can in any case be established 
on other grounds. 
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What is it, then, to inquire or to argue by the standard of what is £0Ao- 
yov—or xaxà vov Aóyov (or xaðóñov or hoytxóg) as opposed to what 
is xa xà thv alodnoiw—or, more generally, what is qvov«óg or àvod.v- 
tix@c? The fact that there are these different standards for discussion or 
inquiry in Aristotles scientific works generally, not simply in the De caelo, 
is one that has received increasing attention recently. For many decades, 
this fact was much obscured mainly due to the dominant influence of 
the view (pioneered in various versions and with various qualifications 
by Aubenque, Owen, Wieland, and others) that for Aristotle (as for Pla- 
to) the proper method of inquiry in science or philosophy is some form 
of dialectic. Resistance to this view began some years ago now with spe- 
cial attention to Aristotles biological works, where it was argued that we 
can discern two modes of inquiry, one indeed dialectical and the other 
employing the alternate procedure we have seen described in De caelo 
3.7, An. prior. 1.30, etc., which we can in general call dvahvuxóg or sci- 
entific.” This approach by extension provides us with one possible way 
of trying to understand the two modes of inquiry in the De caelo. On 
this approach, the mode of inquiry that Aristotle labels as evAOyac, xard. 
TOV Aóyov, xadóhov, AOYLXHS, etc. is just his dialectical mode of inquiry. 
The other is the more strictly scientific analytic procedure that Aristotle 
often contrasts with dialectic and describes as xaT óNńdeav as opposed 
to dialectic which, he says, proceeds xatà óóEav (Top. 8.13, 162b3of.). 
This scientific procedure, as we have seen, will involve final reliance on 
the empirical test discussed in De caelo 3.7 and An. prior. 1.30, and also 
reliance on the other requirements for reaching strict scientific knowl- 
edge laid out in the Analytics. Anything, including appropriate causal first 
principles, reached directly by these procedures or by appropriate use of 
what has itself been reached by these procedures will be reached by this 
strictly scientific mode of inquiry. 

However, there is another way which commentators have often pro- 
posed for understanding the two modes of inquiry in the De caelo in 
particular. This alternate approach fits closely with some recent sugges- 
tions for understanding Aristotles methodology in his Metaphysics, par- 
ticularly in book 7. There we also find Aristotle employing a mode of 
inquiry which he labels Aoyv«óg by contrast with another which he does 


? See Bolton (1987), for this approach, with discussion of the earlier literature. 
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not so explicitly label (see 7.4, 1029b13). On one recent proposal, Aoyt- 
«óc inquiry in book 7 should be understood to be inquiry that restricts 
its argumentative base to what is found in Aristotles so-called "logi- 
cal" works, i.e., to the Organon. More importantly, this procedure also 
restricts itself there to what is for Aristotle true but more general in scope 
than what is specific to any given science or discipline. The other mode 
of inquiry, by contrast, draws rather on material specific to a given sci- 
ence or to a particular matter at hand. The purpose of this distinction, it 
is further suggested, is mainly pedagogical and reflects Aristotles view, 
so it is claimed, that one should teach philosophy, including natural phi- 
losophy or science, by starting with the Organon, which presents truth 
that is more general in scope than what is special to any specific scien- 
tific inquiry, and only then move to the appropriate more special mate- 
rial.” A closely related approach to this has in fact often been proposed 
for understanding the De caelo. According to this approach Aristotles 
procedures of argument, in certain passages in the De caelo, are meant 
to be elementary and exoteric and, thus, rhetorical in character, while in 
other passages his procedures are meant to be esoteric and more strictly 
scientific. This type of proposal for the De caelo goes back in one form 
or another to Diels and other scholars in the late 19th century, and it has 
been advocated in various versions by Jaeger, Wieland, and others more 
recently.? 

Does either of these two types of proposals, we can now ask, fit or help 
us to understand the distinction of standards or modes of inquiry that 
we find in the De caelo? To begin, as it turns out, Aristotle himself in fact 
tells us the reason why he employs two modes of inquiry in the De caelo, 
and his reason is not drawn from pedagogy or, more generally, from the 
needs of elementary or exoteric presentation. In 2.3 286a3 ff., Aristotle 


?! This type of proposal is fully developed by Burnyeat (2001), esp. chapters 3 and 5, 
with further references there. The alternate suggestion offered here, that Aoyixóg inquiry 
is standardly dialectical inquiry, is alluded to by Burnyeat (2001) 19, following Simplicius 
(Diels, 1895, 440a19 ff.), but basically ignored. See also E. Lewis apud Burnyeat (2001) 2 
note 1. 

22 These scholars frequently do not agree on what material is to be assigned to what 
mode or on what the original source or sources of the material in the different modes may 
be. For references, see note 9 above. One should also contrast these two approaches both 
with that of Lloyd (1996), who proposes that in various passages in the De caelo, such 
as those where we have seen him avowedly proceed evi oywe, etc., Aristotle is engaged 
in “bluff” because he feels he is “seriously out of his depth” (161, 182), and with that of 
Falcon (2005, 85 ff.), who argues that in such passages Aristotle is signaling us that he is 
dealing with matters which he regards as in the end unintelligible to us. 
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points out that his investigation there into the question as to why different 
heavenly bodies have different patterns of movement is not based on 
the use of perceptual observations but rather on an alternate mode of 
investigation because the heavens are so far away from us, particularly in 
the sense that we can know very little of their character from perception 
(alodnot) or close observation. In 2.12, 292a14 ff., where he returns to 
related questions, Aristotle repeats and expands on this point and offers it 
as the reason why he is required to rely in his inquiry on procedures that 
yield “what should be held to be nothing unreasonable (ovdév GAoyov)” 
(292a17-18). He says: 
On these topics, then, it is well to seek for still greater understanding, even 
though we have little to go on and are placed at such a great distance from 
the matters which concern the events themselves. Nevertheless, if we look 
at things on the basis of the following sorts of considerations, what is now 
puzzling should be held to be nothing unreasonable (ovdév dhoyov). We 
think of the stars as if we were thinking only of their bodies—of units with 
a certain arrangement, but wholly inanimate. But we ought to conceive of 
them as partaking in action and life, since in this way what results will be 
held to be not at all beyond reason (oddev magcdoyov). (292a14-22) 


So, the explanation of why Aristotle takes himself to be required at times 
to make use of, and to be content with, an appeal to what is eVAoyov or 
ovdev GAoYov does not primarily have to do with the needs of pedagogy 
or of elementary or exoteric presentation to others. As he indicates, 
Aristotle thinks he needs to use this mode or standard of argument in 
order to discover and to confirm for himself in the best way that he can 
the truth in astronomy, given the limits on the usability there of the 
alternate procedure for discovery and confirmation based on collecting 
the appropriate empirical data and finding their causes. In a closely 
related passage in Meteor. 1.7, Aristotle makes much the same point: 
"Concerning things not manifest to perception (aiodnotc), we consider 
ourselves to have sufficiently proved our case in a reasonable way (%aTd. 
tov Aóyov) if we have brought things back to what is possible" (344a5- 
7). Here Aristotle clearly does not mean that, on matters where the 
strict empirical scientific standard for confirmation is unavailable, all that 
is needed is a proposal that is in the modern sense logically possible, 
i.e., logically consistent and free of internal contradiction. He means 
rather that what is needed is a proposal that is coherent or epistemically 
possible, one that fits well enough with what is in general credible for 
us (see 344a7 ff.: cf. De caelo 2.1, 283b26ff. and Heiberg 1882, 292.3— 
20). 
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In addition, it is also clear from the opening lines of De caelo 2.12, 
291b24 ff. that Aristotle regards sdhóywg procedure as distinctly inferior 
to the alternate more scientific level of procedure. He describes it as 
providing “little advance" (uxoós sdnogiag, 291b27). This is a point that 
Aristotle also makes in similar terms elsewhere, for instance in De part. 
an. 1.5, 644b22 ff., in his famous defense of the study of biology. There 
Aristotle again draws particular attention to the limits on our ability 
to advance our knowledge in astronomy due to the extreme paucity of 
appropriate perceptual data. He sharply contrasts this with our situation 
in biology where the relevant perceptual data are easily obtained; and 
thus, he says, we know more and we know better in biology than we 
do in astronomy (645a1 ff.). So, the fact that we must rely so much on 
EVAOYWS or Ahoyinóg argumentation in astronomy marks a deficiency in 
our current ability to fully master that subject in the best way, not any 
need to start from the Organon or from what is elementary or exoteric in 
character. 

This explains then, we can now see, why Aristotle, in De caelo 3.7, 
can criticize the Platonists for proceeding £v totc Aóyous (306a12-13) in 
using what is in fact comparable to some of his own evAdyws or Ahoyxóg 
argumentation, and for ignoring the more empirical scientific mode of 
reasoning that he there recommends when the latter is available and 
goes counter to the former. In such a case, exclusive reliance on evAoyoc 
argumentation is indeed reliance on dogmatic fixed ideas. On the other 
hand, in other places such as De caelo 2.12, Aristotle himself can rely 
exclusively on such argumentation when the superior mode is completely 
unavailable. Thus, at the outset of 2.5, 287b28ff., Aristotle feels the need 
to preempt himself from criticism for relying exclusively there on the 
less exact and less conclusive mode of argument to defend the view that 
the outer heavens move forward rather than backwards. His argument 
(288a2 ff.) is that forward is more honorable (ruuorega.) than backwards 
and thus better, and that nature always does what is better (288a2 ff.). 
This is why the outer heavens move forward.” Aristotle realizes, and 
quite rightly so as we might well agree, that this argument is more than a 
little weak. So he says, recognizing this, that the potential critic of this 
argument should take account of the mode of credibility of the type 
of argument used, “whether it is dvOemMmivws or something stronger” 


23 See also De caelo 2.8, 290a29-b11 for Aristotles invocation of such a teleological 
principle as something evAoyov. 
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(287b33 f.). The merely “human” mode of argument, he indicates, may be 
theonly one available "for now" while we wait for "more strict necessities" 
(óxoipeorepag àváyxac, b34). As earlier, the “necessities” Aristotle has 
in mind here are of course not logical but epistemic. What he awaits is a 
more strict and reliable guarantee of truth. 

So, it seems very clear that Aristotle would not himself feel entitled 
to criticize so sharply the grounds for the Platonist Aoyv«óg account of 
elemental transformation as he does in De caelo 3.7—8, but for the fact 
that the more exact and conclusive procedure, which controverts the 
Platonist account, is readily available. On the other hand, however, in 1.3, 
270b4 ff., Aristotle is clearly pleased to announce with regard to his view 
that the outer heaven is eternal and changeless that “Adyoc bears witness 
to the ~atvoueva and the qouvóueva bear witness to Aóyoc" (270b4-5). 
Similarly, in Meteor. 2.5 Aristotle rejects a certain view as "impossible 
both xarà và paióueva and xatà tov Aóyov” (362b14; cf. De part. 
an. 3.4, 666a19). In these cases, since the results of the two modes of 
inquiry concur and are not in conflict, Aristotle is more than happy to 
avail himself of both. 

In these various passages, then, to return to our main question, Aris- 
totle seems not at all to have primarily in mind any doctrine which 
requires one, specifically for elementary or exoteric or pedagogical pur- 
poses, to use suhóywg or AoyıxõÕç procedure first, and then to move to 
more genuinely scientific procedure for more advanced or esoteric pur- 
poses. Rather, his distinction of levels and his practice in the use of them 
has a more primary epistemological basis. He wants to take the fullest 
advantage of whatever viable procedures he can to discover and to con- 
firm the truth for himself in astronomy, with proper caution concerning 
the relative soundness of the different procedures he uses for this pur- 
pose. His views on this point no doubt have pedagogical implications, 
but one of these is not, as we have seen, that one should always start with 
Noyunóg or dvdowrivws argumentation in order to achieve progress at 
the level of general truth by that means, and then advance to further 
more special truth by a more special scientific procedure. Sometimes, 
as in De caelo 3.7, the available eVAOyws or Aoyikós argumentation is 
completely misguided and yields no truth and the scientific argumenta- 
tion is all that we should or can profitably use. In other cases, evAoyas 
or Aoyvxóc argumentation is used, sometimes on very specific points as 
in De caelo 2.12, but only with the greatest caution, not for its superior 
value for elementary or exoteric purposes but because, unfortunately, 
nothing more accurate or secure is available for now. The extent of the 
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use of such argumentation in De caelo 1-2 reflects the degree to which 
the topics discussed there fall into this category. But, in any case, it is 
important to see that the primary purpose of the distinction of levels 
in the De caelo is, broadly speaking, epistemological in the sense just 
described. 


4. Other discussions of the two standards 


We need now to consider two further passages in Aristotles scientific 
works outside the De caelo which are especially important for a full 
understanding of his distinction of standards and its uses in science. The 
first is a familiar passage found in Phys. 1.2. After outlining in 1.1 the 
proper procedures for use in inquiry in natural science (negi ploewg), 
Aristotle introduces in 1.2 another alternate procedure of investigation 
that is not within the proper scope of natural science (od megi púoews), a 
procedure which can be successfully used even with, or by, those who lack 
or reject the basis for proper pvowóg or scientific inquiry (184b25 ff.). 
This alternate procedure, Aristotle indicates, is based on common (xot- 
vů) knowledge, available even to those who lack all strict scientific knowl- 
edge. This procedure, he says further, is like the one used in discussing 
any thesis (dćots) put forward on the basis of Aóyoc (Aóyov £vexa) such 
as for instance “the Heraclitean thesis" (185a5-7). Here Aristotle uses 
language, and the same example, which he also uses in a passage in Top. 
1.11, where he explicitly identifies a dćotg as a paradoxical belief of a 
famous philosopher such as “the belief of Heraclitus that all things are in 
change,’ a belief which might be held, he says, “because it is supported 
by Adyoc” (Sta tO AOyov £yew, 104b19-28). Such a deotg, introduced on 
this basis, Aristotle indicates, is a proper subject of dialectical inquiry. He 
also says in Phys. 1.2 that the alternate procedure which he has in mind to 
voixdcs procedure is the one to be used to expose eristic arguments such 
as Antiphons attempt to square the circle (185a5-20). Aristotles termi- 
nology here is virtually identical to that which he employs in Soph. elen. 9 
and 11 to distinguish proper scientific argumentation from argumenta- 
tion based on those common things (xoá) which, he says, are matters of 
common understanding and not properly known only by experts. Again, 
as in Phys. 1.2, he says there that the latter mode of argument is the one 
to be used to expose eristic arguments, including Antiphons attempt to 
square the circle (170a34-b11, 171b4-7, b34-172b4). In Soph. elen. 11, 
Aristotle very clearly identifies this latter mode of argument as dialectic 
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(172a27-36, cf. Rhet. 1.1, 1354a1-3).** In Top. 8.14 he uses the terms 
common (xown]) and general (xadóhov) interchangeably to describe the 
typical basis for this type of argumentation (163b32, 37; 164a3, 7-11). 
The latter term, wadóhov, as we have seen, is one of those that Aristotle 
uses standardly to signal the introduction of Aoyuxóc or suAóyws argu- 
mentation. These texts, then, strongly support the view that, for Aristotle, 
this mode of inquiry and argumentation alternate to the scientific one is 
what he calls dialectic. This fits well also with the parallel contrast which 
we find in De an. 1.1 between the procedures of a natural scientist (pvot- 
0c) and those of a dialectician (Ota ext óc, 403a29). 

In any case, it seems clear that in Phys. 1.2 we find another appeal to 
euhóyowg or AoyvXGc procedure by contrast with qvov«óc procedure. But 
the reason why Aristotle feels the need to use Aoytxóc procedure there 
is not, as in the De caelo, because the relevant empirical evidence needed 
for using qvouxóc procedure is unavailable. His dispute in that passage 
is with the Eleatics who completely deny the existence of change. But 
in Aristotles view, as he explicitly indicates in Phys. 1.2, the empirical 
evidence in support of the existence of change, indeed of natural change, 
is easily available and overwhelming (185a12f.). The problem here, as 
Aristotle says, is that the posit of the existence of natural change is a first 
principle of physics. And, so Aristotle argues, one cannot use puowzóc 
procedure— including direct appeals to the relevant empirical evidence 
that confirms the principles of physics—to refute those who deny these 
very principles without begging the question. So, for this refutation 
Noymós procedure is required. Here we find another dimension to, or 
another use of, evAOyws or Aoyixóg argumentation in addition to the 
one that is prominent in the De caelo. Here the need for this procedure 
is not due to the fact that the proper empirical evidence is unavailable 
tout court, but due to the fact that the status of the opponents position 
renders this evidence unusable in debate. Nevertheless, as in the De caelo, 
the use of this procedure is again required not for pedagogical reasons or 
out of any need to use the Organon, but because the empirical scientific 
procedure is unusable. 

In addition to this it is also clear, particularly from the related passages 
in the Topics and Sophistical Refutations that argumentation based on 
what is wadóhov or common, since this information is accredited by 
people in general, can be used in discussion with people in general on 


24 These passages are discussed more fully in Bolton (1991). 
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any pertinent subject at all (see, e.g., Soph. elen. 11, 172a27 fL; Top. 1.2, 
101a25 ff.). So, there are indeed exoteric, rhetorical or dialectical, uses of 
Noyunóg or euhóyws procedure on non-scientific subjects for instance, 
in addition to the more scientific uses. To claim that the use of this 
procedure in the De caelo or other scientific texts is not for such exoteric 
purposes is not to deny that, for Aristotle, the procedure has such uses. 
But these other uses are non-scientific unlike the use in the De caelo 
which has a genuinely scientific objective. 

There is a second well-known passage outside the De caelo worth 
considering here, which illustrates particularly well the limitations of 
euhóywg or Aoyikós procedure. This is found in De gen. an. 2.8. There 
again Aristotle contrasts two modes of argument for a conclusion that he 
obviously wants to accept, namely, that mules are sterile. The one mode 
of argument he calls Aoyvxóc, the other he simply says is “based on the 
facts about the kind" in question (èx Tóv dnaoxóviwv và yśvat). The 
former is introduced as follows: 

Now perhaps a Xov] proof [that mules are sterile] would be held (66- 
Eeiev) to be more persuasive than those just given. I call it Aoytxq for this 
reason, because, in so far as it is more [or very] xa02.0v, it is further [or 
very far] from the proper starting points (oixeiou Gexat) [by contrast with 
the other mode of proof.] The proof is of this sort ... It is impossible for 
any offspring to be generated by mules. For, an offspring of a different kind 
[than mules] cannot be generated [by mules] since what is generated from 
a male and female of the same species is the same in species as they are. 
And a mule [or offspring of the same kind] cannot be generated [by mules] 
because a mule is the offspring of a horse and an ass ... [So, no offspring 
can be generated by mules.] 


However, this argument is exceedingly xa0óAov and worthless (xevóc). 
For these [xadóhov] arguments that are not based on proper starting 
points are worthless. Rather, they are held (5óxwovow) to be based on the 
material facts (rrodyuara) though they are not ... What is worthless here 
is held (onet) to be important (eivai u), but it is worth nothing (odóćv). It 
is not correct (60a0£c), since many [hybrid] animals that are not generated 
from [parents of] the same species do generate offspring [of their own 
hybrid kind], as was said earlier. This procedure (roóztoc) must not be used 
for inquiry either in natural science (regi vv pvoikóv) or elsewhere. 
(747b27-748a14) 


Perhaps the most interesting thing about this passage, for present pur- 
poses, is that Aristotle appears here to completely reject the use of Aoyt- 
«Gc or xadóhov argumentation concerning topics in natural science, 
though, as we have seen, he often uses it without question in the De caelo 
and in other scientific treatises. However, Aristotles procedure here in 
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De gen. an. 2.8 is in fact parallel to what we find in De caelo 3.7. Just as in 
that discussion, Aristotle here completely rejects a certain use of Aoyv«óc 
argumentation because it relies on plausible and accredited contentions 
that observation shows to be false. The Aoyv«óc argument here supposes 
that if mules or animals of any other kind are produced by parents of dif- 
ferent species then they cannot also be produced by mules or by parents 
of the same species. That is, the argument assumes that for any type of 
animal there can be only one way in which that type of animal is pro- 
duced. But, however plausible, this, Aristotle says, is simply false. Some- 
times hybrid animals that are produced by parents of different species are 
fertile and do then produce offspring after their own hybrid kind. The 
empirical evidence, then, shows that there are two ways in which these 
types of animals are produced not just one (cf. 747a29-34; see De gen. 
an. 2.7 for some of Aristotles examples.) 

So, if we look closely at this passage, we can see that the xa0óAov 
mode of procedure (xvoómoc, 748a14) that Aristotle rejects for scientific 
inquiry need not be Aoyixóc argumentation as such but, as in the De 
caelo, only Aoyv«óc argumentation used when the results of a more 
reliable empirical mode of inquiry are easily available and undermine or 
go counter to it. Aristotle claims here that the assumption that every type 
of animal is produced in just one way is “exceedingly general" (xadóhov 
Mav). That is, he must mean in context, this assumption overgeneralizes 
from certain common cases while neglecting other relevant cases. So, 
when Aristotle here criticizes a Aoyuxr] proof as one that is very wadóAov 
and, thus, too far removed from some of the particular relevant starting 
points, he does not mean, as is sometimes suggested, that the proof is 
more abstract or that it draws on a generalization that is wider in scope 
than does some alternate form of proof. There is a true generalization of 
the same scope as the one Aristotle rejects that also concerns all types 
of animals, namely, that they are sometimes produced in two ways, not 
always only in one way. Aristotle himself uses this in his own argument, 
so he can hardly be objecting to the use of any generalization with 
this scope. He means rather that the generalization used in the Aoyixy 
proof is secured at too great a distance from all the relevant particular 
data and thus in ignorance of them, and that it is thereby more liable 
to error. So, this passage is important because like passages in the De 
caelo it emphasizes the risks of evAOyws or Xoyvxóc argumentation on 
empirical grounds. The "proper starting points, it should be noted, that 
the Aoyixń proof here ignores (747b28-30), are not proper causal first 
principles but proper empirical data from which the attempt to find an 
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appropriate explanation should start. (748a14-16) Aristotles language 
here in describing the Aoyrxóg argument as “very far (togewtéew) from 
the proper starting points” (747b29) should remind us of his similar 
remarks in De caelo 2.3 and 2.12 where he emphasizes that he relies 
on what is £0Aoyov in astronomy precisely because we are far removed 
(nógowdev) from the most relevant particular data (286a4-5, 292a14- 
17). So, hoyixóg procedure is described here as xa0ÓXov, at least in part, 
because it operates at the level of over-generalization, in ignorance of, or 
in disregard of, at least some of the relevant observable particulars. In De 
gen. et corr. 1.2, Aristotle also emphasizes this characteristic of Ahoynóg 
procedure, that it may overgeneralize in ignorance of relevant observable 
particulars (316a5-14). Thus it is that this procedure is always more 
risky and always more liable to error than proper qvov«óg or scientific 
procedure. 

Also, it seems clear, further, that Aristotle does regard the Aoyv«r] proof 
that he produces here in De gen. an. 2.8 as dialectical. He describes it and 
also arguments of this type not simply as exceedingly general (xadóhov 
Mav) because they do not take account of all the relevant particular 
facts proper to the subjects in question, but also as arguments that "are 
held (Soxototv) to be based on the material facts" (748a9,) and as “held 
(Soxet) to be important” (748a11). So, for Aristotle here, it is not just 
any possible generality or generalization of a certain scope or level of 
abstraction that forms the basis for a Aoyixy proof, but only one that 
has a certain level of general acceptability or plausibility. This explains 
why Aristotle can say at the beginning of our passage here (747b27) 
that “a Aoyix proof would be held (665eiev) to be more persuasive” 
than an alternate mode of proof. This would not follow simply from 
the fact that a oyu proof is wider in scope than some others. Rather, 
as we shall see below in more detail, Aristotles point here seems to 
be that people in general typically operate in their thinking on many 
questions at the level of generalities or overgeneralizations—without 
attention to or knowledge of all the relevant particulars—so that if one 
can argue Aoyixdc, from accredited generalities, one is more likely to get 
a persuasive argument, even though the risks of error in such arguments 
are much greater than in others (cf. Top. 1.14, 105b10-12 and the remark 
quoted at the head of this discussion.) So, this passage provides further 
strong support for the view that Aoyvxóc argumentation for Aristotle is 
just dialectical argumentation, which operates, typically, from what is 
generally accredited. 
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There is additional evidence to support the view that Aristotles two 
standards or modes of inquiry in the De caelo are just the two that 
he often elsewhere marks out as dialectical and scientific (as in Soph. 
elen. 9, 170a34ff.). To begin with, Aristotle frequently defends the use 
of dialectic, or of reasoning from common or accredited opinions (£v- 
ota), in dialectic or rhetoric, on epistemological grounds because, as 
he says for instance in Rhet. 1.1, "people have an adequate natural incli- 
nation toward the truth and so they turn out to attain truth for the most 
part” (1355a14ff.). Thus, as Aristotle says more specifically, for instance 
in Eth. Nic. 1.8 concerning the śvóoga, or the views of the many and 
the wise about happiness: "It is reasonable that neither group is entirely 
mistaken, but right [in their views] on at least one point if not most" 
(1098b27-29). In Eth. Eud. 1.6, Aristotle uses this point to argue that 
“we must give some proof of what we say (Gvayxatov ógvebvau noc)” 
by reference to what is as widely acceptable as possible (1216b26ff.). 
Also, however, in these and other passages, Aristotle draws attention, on 
epistemic grounds, to the limitations of reliance on common or noted 
opinions. In Eth. Eud. 1.6, he says that what is customarily held may 
well need correction in the light of what is “better known” (ta yvoot- 
ua eoa, 1216b34). In Meta. 2.1, Aristotle says that while we do collec- 
tively attain the truth to a significant degree, our intellect (votc) may 
still be blind to what is “most evident by nature" (993a30-b11). So, if 
we look in Aristotle for a mode of inquiry and of reasoning which he 
identifies and recommends for reaching credible results but which is 
still ultimately less reliable in science than strict scientific analytic pro- 
cedure, the only thing that we find meeting this description is dialec- 
tic. 

It would, of course, be a lengthy, and very tedious, exercise to try to 
show that every example of reasoning which, in the De caelo or elsewhere, 
Aristotle describes as suhóywg (or xarà TOV Ahóyov, or Aoyvxóc, or 
xaðóov) fits his standards for dialectical argument. In fact, given the 
variety in the usage of such terms as these, both in ordinary Greek 
and in philosophical Greek, there is bound to be variation in Aristotles 
own usage. The most that such a study could be expected to reveal is 
that in one very typical and common use, such as the one in focus 
here, all of these terms are used to designate dialectical argumentation. 
In further support of this thesis a few general observations may be 
worthwhile. 
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As we have seen, by contrast with those passages where Aristotle relies 
on empirical scientific (vovg procedure, there are others in the De 
caelo where he argues evAOywe, etc. by use of the following devices: 


(a) an appeal to longstanding tradition in, say, religion or mythology—to 
support, for instance, his views on the eternity, divinity and perfec- 
tion of the heavenly bodies; 

(b) an appeal to the testimony of recognized sages such as Pythagoras or 
Plato; 

(c) an appeal to standard linguistic usage or to etymology; 

(d) a very frequent use of analogy, involving, for instance, a projection 
from what we know from familiar close-to-hand terrestrial cases to 
what holds for unfamiliar far-away celestial cases; and 

(e) an appeal to what holds xaĝóàov. 


It is very easy to show from the Topics that each of these modes of 
argument forms an essential part of the standard equipment of dialec- 
tic. This is, of course, well recognized in the case of the appeal to tradi- 
tion, or to recognized sages, or to facts about common linguistic usage 
and etymology. It is not so clearly recognized for the case of argu- 
ment by analogy or for argument from what holds xadóhov. But, as 
for the case of analogy, in the Topics Aristotle emphasizes very strongly 
the importance in dialectic of argument based on what he calls “sim- 
ilarities” (tà Oo). He says, for instance, in Top. 1.18 that “it is an 
accredited opinion (£vóoEov) that whatever holds of one of a group of 
similars, holds similarly of the rest” (108b13-14). Thus, he says, one 
can readily argue on this basis in dialectic so that the collection of 
lists of similarities and differences is most useful as preparation for 
dialectical argument (108238 ff; cf. 1.17, 108a7 ff; 1.10, 104a12 ff., 8.1, 
156b1off.). 

Equally, and perhaps more importantly, Aristotle emphasizes in Top. 
1.14 that dialectical premises should be “as general as possible" (u&2uoxa 
uadóhou, 105b32). His main reason for this can be constructed from 
several passages. As he says right away in the opening lines of the Topics 
(1.1 100218 ff.), dialectic is an art for reasoning about any question at all, 
by contrast with a special science or other discipline that has a restricted 
subject matter. Thus, as he says most explicitly in Top. 8.14, it is crucial, 
for the mastery of the art of dialectic, to develop techniques or lines 
of argument that have as general (xadóhov) or common (xowóv) a 
range of application as possible, given the obvious difficulty of having 
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relevant special points to hand for arguing on any question whatever 
(163b32-164a11, 164b16-19). This is particularly the case, he indicates, 
on out of the way or technical subjects where the special material is not 
generally accessible (164b16ff.). This explains, then, why the material 
that comes to have the necessary widespread accreditation that makes 
it suitable for use in dialectical argument, especially on difficult scientific 
questions, will very often have a general or common character. It is not, 
as we have noted, that anything, or anything true, with wide range of 
application will have this kind of general credibility or that only such 
things will have this credibility. Rather, it is that if Aristotle wants to 
use a non-scientific mode of argument suitable for dealing with any 
subject at all, which he expects to have some legitimate pull on us or 
credibility for us as a group, that mode of argument must frequently, and 
especially in technical areas such as science, draw on what is nadóhov 
or 4owóv and can be used on a variety of subjects. This is required 
given our only feasible way of developing a facility for, and of using, a 
non-specialized technique of argument with universal coverage. Thus, in 
Rhet. 1.2, Aristotle specifically identifies dialectical and rhetorical lines of 
argument as “those that are common (xotvot) in application to matters of 
right conduct, in natural science, in politics and to many things that differ 
in kind” (1358a10-14). As he goes on to make very clear (1358a17 ff.), 
these are not the only types of arguments usable in dialectic or rhetoric, 
but they do havea special prominence there in virtue of which dialectical 
argument can simply be referred to as wadóhov argument or as argument 
from «owó. 

This is exactly the way in which Aristotle introduces dialectic and its 
counterpart rhetoric in the opening lines of the Rhetoric, namely, as the 
technique that draws on “the things which it is common (xowó) in a 
certain manner to everyone to understand and which are not drawn from 
special scientific knowledge” (1354a1-3). This is also the way Aristotle 
refers to dialectic in Soph. elen. 9, 170a34ff. There he identifies the 
modes of argument that properly belong to dialectic in the following 
way: 

It is clear then that we [dialecticians] need not grasp the procedures 
(toxot) for all types of refutations, but only for those that belong to 
dialectic. For these procedures are common (%owoi) by comparison with 
[what belongs uniquely to] each [special] art and capacity. And [thus] 
it is the business of the scientist (śmioTuńuovog) to consider the type 


of refutation that accords [uniquely] with a particular science—whether 
it is apparent and not real, and if it is real, why. But it is the business 
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of dialecticians to proceed from the common things that fall under no 
one art. For if we [dialecticians] grasp the accredited proofs (ÉvóoEot 
ovhhoytonoi) on each subject, we will have the basis for the refutations, 
since a refutation is a proof of a contradictory. (170a34-b2) 


Here Aristotle identifies dialectic as that capacity that we possess for 
reaching reasoned results which draws on what we commonly understand 
and find credible independent of any mastery we may have of any special 
discipline or evidence. The manual for the art of dialectic which Aristo- 
tle constructs in the Topics and Sophistical Refutations is an attempt to 
codify the procedures that are involved in the skilled exercise of this nat- 
ural capacity (see again Rhet. 1.1, 1354a6-11). These procedures are first 
described in the passage quoted above as employing the xowoi 1óztot and 
then, equivalently, as employing the £vóoEow ouMoywnoi. This equiva- 
lence is appropriate, even though not all £vóoEa pertain to all or many 
subjects, because the technique of reasoning on this basis draws on our 
common mode of understanding, i.e., on the general capacity we have for 
reaching reasoned results that is applicable to anything at all by contrast 
with any science or other special mode of understanding. This, doubt- 
less, is why Aristotle says at the beginning of the Rhetoric that dialectic is 
based on what it is common to everyone to understand. He also makes 
clear there his view of the importance of dialectic, so understood, as the 
basis for our normal rational everyday social interaction (a3-6, cf. Top. 
1.2, 101430—34). 

There are, then, two connected ways in which dialectic simply is rea- 
soning that concerns what is common or general. First, and most basi- 
cally, it is the exercise of our non-specialized intellectual capacity for 
arguing reasonably about any subject at all. Secondly, given the only prac- 
tical way this capacity can be developed into a skill, it characteristically, 
though not exclusively, involves using lines of argument (vóxot) which 
employ commonly intelligible premises that are applicable to many dif- 
ferent kinds of things. Itisimportant to see, moreover, that though dialec- 
tic does standardly reason from ćvóoga, i.e., from the recognized convic- 
tions or testimony of "the many and the wise;' it is not essential to dialec- 
tical reasoning, as Aristotle describes it, that premises be introduced as 
the testimony of the many or the wise. He says only that this is "useful to 
add" when introducing such dialectical premises, not that this is standard 
or necessary (Top. 8.1, 156b20-23). He also does not fix on these types of 
premises for dialectic because by tradition these are the stipulated bases 
for dialectic. No one before Aristotle, including Plato, describes dialec- 
tic in this way, as employing as its premises the convictions of the many 
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and the wise. Aristotle expects, rather, that opinions of these types will 
on their own typically have a common credibility, and he fixes on them in 
his own original attempt, as he sees it, to describe and codify the modes 
of argument that have this commonly felt reasonableness (Soph. elen. 34, 
184a8-b8; cf. Rhet. 1.1, 1354a6-12). Further, he also says importantly 
that whatever is appropriately similar to, or akin to, the £vóoEa counts 
also as a dialectical premise since it will likely enjoy the same level of 
general credibility as do the śvóo$a (1.10, 104a12 ff.; 1.14, 105b3 ff.).? 

Aristotle supposes, then, that the types of convictions that he calls 
śvóoga. will, typically, be ones that fall under our common mode of 
understanding so that we can avail ourselves of beliefs of these types 
and similar ones, as ready sources for information that has this standing, 
information to which we can expect people to respond on a common 
basis. The mode of discussion that operates on this common basis is 
what Aristotle calls dialectic.” We can see further from the way Aristotle 
ranks the types of belief that he calls £vóoEa at least a part of what his 
interest is in making use of them in the mode of reasoning that proceeds 
on the basis of what is commonly intelligible or reasonable. Since there 
are bound to be substantial disagreements in the use of such a mode of 
argument concerning what is or is not generally reasonable (suhoyov), 
if we expect to make progress in discussion on this basis there must 
be some means of resolving these disagreements. To this end where, 
for instance, the views of "the wise" conflict with those of "the many” 
the former are disqualified by Aristotle from direct use as dialectical 
premises (Top. 1.10, 104a8-12). This, and other rules for dealing with 
disagreements in the use of the type of discussion which is based on 
our common understanding or on what we commonly find reasonable, 
would, of course, need to be backed up by Aristotle on appropriate 
epistemological grounds.? 


25 [n addition to those £v6oEa which are the recognized views of the wise, Aristotle 
also includes among dialectical premises "the opinions which accord with the arts, since 
people would concede these as so described (Top. 1.10, 104a14-15, 33-37). Here, clearly, 
Aristotle does envisage the introduction of even unfamiliar views in a two-stage way, as 
the consensus of the experts. So, he does assume, reasonably enough, that our common 
understanding does underwrite such a procedure. But, still, he takes these premises to be 
different ones than the celebrated opinions (£v6oEa) of the wise (104a8-15). 

26 This, arguably, is one main unifying element in the conceptions of dialectic of Plato 
and Aristotle. Interest in arguments that proceed on a common basis is prominent already 
in the Socratic dialogues of Plato: see Bolton (1994). For further discussion of this topic 
in Aristotle, see now Smith (1997) 155 ff. 

27 These matters are further discussed in Bolton (1999). 
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In sum, then, all of the different types of arguments which Aristotle 
uses when he is employing the edAoyos standard in the De caelo, do 
have, for him, an important place in dialectic. This gives a unity to 
euhóywg argumentation, in all its forms, when understood in this way, 
as dialectical argumentation. ‘That is, all these modes of argument make 
appeal to what has some pull on us and has credibility and reasonableness 
for us generally, and legitimately so for Aristotle, independent of any 
connection with strict scientific results or canons of evidence.?? 


6. Some final implications 


For our purposes here, the main interest of the proposal that Aristotle's 
non-scientific edhóyws or Aoyix@c level or mode of argument in the 
De caelo is dialectic derives from the epistemic limitations that Aristotle 
standardly places on the value of dialectic in an area such as natural 
science where a superior mode of argument is available (see, e.g., An. post. 
1.19, 81b18 ff.). If, as we have seen in the De caelo, dialectical argument 
on scientific questions may offer us only “little advance” or the best we 
can do “for now, and ifits use often requires some apology for reliance on 
a very fallible "human" mode of credibility, then that must affect our view 
of Aristotles commitment to and confidence in the arguments which 
he uses in places such as De caelo 1.12 and 2.12, where his mode of 
argument is largely of this type. In addition, if the fact that this mode of 
argument does still have "human" credibility makes it useful for Aristotle 
in leading us through the initial stages of scientific inquiry where, as he 
often emphasizes, we must start with “what is best known to us,” we must 
also be prepared to see him, as he informs us he will, revising results 
reached on this basis in his later discussion (see Phys. 1.1, 184a16-24). 
A proper treatment of his use of evAOyws or Aoyixóg procedure for 
any initial or expository purposes must take this into account. In any 
event, however, given the importance for current research on Aristotle 
generally of understanding the different standards by which he operates 
in his procedures of inquiry, the De caelo, with its special and nearly 
unique information concerning the need for these different standards 
and concerning their relative merits, is clearly worth special attention. 


?3 Tt seems clear from Top. 8.5, 159b25 ff. that dialectic may also proceed for Aristotle 
in a restricted form, not, as standardly, from what is credible for us generally but rather 
from what is credible for some restricted group or individual. 
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It may be helpful to conclude on a historical note. In emphasizing 
the limitations of sdhóywg procedure in De caelo 2.5, as we saw earlier, 
Aristotle describes this procedure as merely avdownivws (287b33 f.). 
This characterization involves, one may well suspect, a reference back 
to Socrates’ description in Apol. 20d of the results that he reaches and 
sustains by his elenctic method as mere “human wisdom” (avdeunivy 
coqía) by contrast with more strict copia which he lacks and cannot 
reach by this method but which would definitely be preferable. Even more 
importantly, Aristotle’s language here echoes Platos own preemptive 
warning at Tim. 29c-d that his cosmology and astronomy there has only 
the status of a defective etxac uGBog, of a “likely story,’ because those 
who have devised it have only an åvðownivn qvoic, a merely “human 
nature??? In De caelo 2.5, then, Aristotle in effect puts his edhóyws 
argumentation in the De caelo on the same level as what Plato offers 
us in his cosmology in the Timaeus. The main difference, of course, is 
that unlike Plato, Aristotle thinks that it is in principle also possible to 
do better in cosmology. This may help us to understand, historically, 
why Aristotle felt the need to use and emphasize in the De caelo the 
distinction, which is entirely absent in Plato, between euAóyos and 
@voixdcs procedure in the study of the natural world. 
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NATURAL, UNNATURAL, 
AND PRETERNATURAL MOTIONS: 
CONTRARIETY AND THE ARGUMENT FOR 
THE ELEMENTS IN DE CAELO 1.2-4 


R.J. HANKINSON 


In chapters 2-4 of book 1 of his De caelo, Aristotle sets out to establish 
the existence of a fifth element, the aether, which is distinct from the 
standard four of Greek physics—earth, water, air, and fire—and which 
uniquely serves to provide the material for the heavenly bodies. His 
reasons for doing so are various. The heavens are by common consent 
divine and what is divine ought to be made of something better than the 
materials of the lower world (De caelo 1.3, 270b1-12); the terrestrial four 
elements inter-transmute and, hence, anything made of them is subject 
to destruction; but the heavens are eternal and unchanging, as long 
observation confirms (270b12-16); and the etymology of the word aldo 
from dei Oeiv (“always running") confirms that the ancients too supposed 
it to be quite different in type from the terrestrial elements (270b16-25).! 

But Aristotle also deploys a set of arguments of an altogether different 
nature in order to commend the aether's existence. Bodies which exist 
by nature, the elements, all have distinct, intrinsic, natural tendencies 
to move (De caelo 1.2, 268b14-16); indeed nature is by definition a 
source of motion and rest (Phys. 2.1, 192b13-14). But if a body has 
a natural tendency to move, a disposition, that is, which is uniformly 


* University of Texas at Austin. 

This paper has developed out of a long engagement with the arguments of De caelo, 
and a collaboration with Mohan Matthen which has lasted nearly as long. While I can 
now isolate no specific points in the interpretation presented for which he was originally 
responsible, some, perhaps many, of them are no doubt owed to him. The best, and also 
the least, I can do is express my general gratitude to Mohan for his companionship and 
support, both intellectual and otherwise, over the years. I would also like to thank Tim 
O'Keefe for reading over the typescript, making several very helpful suggestions, and 
saving me from a couple of logical errors. 

! The etymology, of a typically fanciful and unconvincing Greek type, is owed to 
Platos Crat. 410b. Aristotle (1.3, 270b24-25; cf. 3.3, 302b4-5) rejects the altogether more 
plausible Anaxagorean derivation of the word from aidelv (to gleam), since he wants to 
resist its assimilation to fire. 
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exemplified under the appropriate circumstances, the motions described 
by the bodies must be simple in the sense that there should be no jerkiness 
or deviation about them. But the only possible types of such uniform 
motions are those in a straight line and those along circular paths (De 
caelo 1.2, 268b16-20).? 

Aristotle is not, as is sometimes claimed, committed to supposing 
that there must be an individual element associated with each of the 
possible types of simple motion, however they are to be individuated.? 
As Alexander puts it (apud Simplicium: Heiberg 1894, 13.20-14.3),* the 
geometrically-determined types of motion function for him as material 
causes of possible actual motions. In other words, if a motion is natural 
(in the sense of being the expression of an essential tendency of an ele- 
mental body),” then it must conform to one of the simple trajectories; 
but there is no converse necessity that every determinable simple trajec- 
tory must have some simple body whose nature it is to move along it. 
Thus, first impressions and those of many commentators notwithstand- 
ing, Aristotle does not suppose that there is a simple geometrical route 
to the conclusion that there must be some simple body whose nature it is 
to move in a circle (De caelo 1.2, 269a5- 7). 

Still, Aristotle does contend that 


(T1) all change in respect of place (which we call movement) is either 
straight, or circular, or a mixture of the two, since these are the only two 
simple motions. The reason for this is that these, namely, the straight and 
the circular, are the only simple magnitudes. (De caelo 1.2, 268b16-20) 


? Xenarchus, a Peripatetic of the first century BC, objected that the regular cylindrical 
helix was also simple: so why should an element not move spirally (Heiberg 1894, 13.22- 
14.21)? I discuss this and other Xenarchan objections to the Aristotelian system in 
Hankinson (2003). 

? On this issue, see Hankinson (2009). 

^ Alexander’s commentary on De caelo is lost, but it is extensively quoted and dis- 
cussed in Simplicius own commentary. 

5 This parenthesis is required, since Aristotle is happy to allow that the capacities 
for movement of animals are in a perfectly good sense natural (De an. 2.1; Phys. 2.1; 
but see Heiberg 1894, 242.3-11, where Simplicius glosses an Aristotelian argument by 
distinguishing between "things which move by nature [sc. in the elemental sense]" and 
"self-movers"). Of course, even animals can have tendencies to move qua composites of 
elements: it is in this sense, as Simplicius says, that a man falling off a roof falls with 
the motion appropriate to his (predominantly heavy) elemental composition (Heiberg 
1894, 40.18-20; cf. 17.19-20), since compound bodies “move in respect of whatever [sc. 
elemental body] predominates”: De caelo 1.2, 269a1-2, 5-6 (T5 below), 28-30. Cf. De 
caelo 1.4, 271a29-30; De motu an. 10, 703a25-28; Heiberg (1894) 24.14-20. 

$ The translations of the De caelo are taken from Hankinson and Matthen (2009) with 
minor alterations. 
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That might seem to suggest that every conceivable motion can be rep- 
resented as some combination of straight and circular components, al- 
though it is doubtful whether Aristotle could actually have thought that.” 
Less improbable is the supposition that he thought that all actual motions 
in the world were so composed, including the voluntary movements 
of animals (cf. Heiberg 1894, 15.9-17 and T3 below). But for our pur- 
poses, what matters is the claim that is being made about the analysis of 
motions that have to do with elemental tendencies. If we observe some 
movement that appears to occur naturally (i.e., it seems to be intrin- 
sic to the thing itself to move in that way; it is not simply being car- 
ried, pushed or pulled by something else), then that motion must reduce 
to some combination of simple, elemental motions—for if it does not, 
then the basic assumption that animates Aristotles entire discussion, 
namely, that constant motile tendencies must be ascribed to intrinsic 
features of the elements which compose bodies, will have to be aban- 
doned. 

Now that last argument may appear to be circular—and so, in a sense 
it is. But Aristotle's cosmological method is to isolate that set of basic 
explanatory assumptions which best fits the facts overall; and to this end 
no part of the system as a whole can properly be considered indepen- 
dently of any other part of it. Ultimately, the account as a whole will be 
justified as a form of inference to the best explanation.? 

Thus, it is a fundamental feature of Aristotle's account of the mech- 
anisms of the world that all of their dynamics must, ultimately, be ex- 
plained in terms of the continuous motions of stuffs whose nature it just 
is to move in that way. But there are (or so he thinks) only two basic types 
of motion, revolutionary and rectilinear (De caelo 1.2, 268b16-20); and 
of these, only the former is such that it can continue uninterruptedly for 
ever (Phys. 8.9) because it is the nature of this trajectory itself to have no 
beginning or end. 


7 The claim is repeated at Phys. 8.8, 261b28-29, and 8.9, 265a13-15. The geometry 
of conic sections was in its infancy when Aristotle composed De caelo; but it is hard to 
see that he could have supposed that, e.g., a parabola or an ellipse could be produced 
by superimposing straight and circular motions (although, as Galileo was to show, a 
parabolic arc can be produced as the vector sum of one trajectory of uniform velocity and 
another uniformly accelerating at an angle to it). At first sight, it looks as though De caelo 
1.2, 268b16-20 suggests that all composites must be composites involving both straight 
and circular motion—but that certainly cannot be Aristotle’s intention. See Hankinson 
and Matthen (2009) ad loc. 

8 I deal with this aspect of Aristotle’s methodology in Hankinson (2009). 
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This last is true only if there are no straight trajectories of infinite 
length (if there were, then motions could continue for ever along them). 
But Aristotle argues at length in Phys. 3.4-8, and De caelo 1.5-6 that there 
can be no such things, both for geometrical and dynamical reasons. A 
particular line has to be a certain determinate length; but "the infinite 

. is not that of which no part is outside, but that of which some part 
is always outside" (Phys. 3.6, 206b33-207a2): in other words, it is not of 
determinate length. 

Dynamically speaking, nothing can traverse an infinite distance in a 
finite time, unless it travels infinitely fast—but the concept of infinite 
velocity is (Aristotle thinks) incoherent, since velocities are measured by 
ratios that hold between finite distances covered and finite times elapsed 
(De caelo 1.5, 27227-27326; Phys. 6.2, 238a20-30). Equally, nothing 
moving at a finite velocity along an infinite trajectory can ever complete 
its journey: there will always be more—indeed infinitely more—left to 
traverse. But natural motions are defined in terms of their endpoints; and 
for something to be of nature to move in a certain direction is for it to be 
able to arrive at its goal (cf. De caelo 1.6). 

For similar reasons there cannot be a body of infinite magnitude, since 
if there were it would have to be either infinitely heavy or infinitely light; 
but the speed of a moving element is proportional to its weight, and there 
is (again) no ratio between the infinite and any finite quantity (De caelo 
1.6, 273a21-274213). 

I do not intend to discuss directly the plausibility of any of these 
claims.’ Rather I want to examine various features of the notions of 
contrariety, and of the natural and the unnatural, that Aristotle makes 
use of in his argument for the existence of the fifth celestial element. At 
first sight, his deployment of these notions seems to be confused and 
inconsistent, and his argument vitiated by fallacies of equivocation. Yet 
Simplicius was to argue (or was to supply some ofthe material for such an 
argument) that these impressions are unfounded, and that Aristotle does 
in fact have a consistent and consistently employed conception of both of 
these related notions. In what follows, I shall sketch Aristotles arguments, 
present the case for the prosecution, and then attempt to rebut it using 
material derived from Simplicius and elsewhere; then finally I will try to 
assess the merits of the case as a whole. 


? See Hankinson and Matthen (2009) ad loc. 
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1. The six hypotheses and the argument for the aether 


(T2) Circular motion, then, is that around the center, while straight is that 
upwards and downwards. By "upwards; I mean away from the center; 
by “downwards,” towards the center. Consequently all simple movement 
must either be away from the center, towards the center, or around the 
center. 

(De caelo 1.2, 268b20—24) 


Aristotle, as Alexander was to point out, distinguishes, from all the 
possible straight and circular motions, three which have orientations 
which are privileged in terms of the overall structure of space: this 
“was what he indicated with the article, when he said around the cen- 
ter” (apud Simplicium: Heiberg, 1894, 14.31-15.1). As Aristotle him- 
self said at the outset of the chapter, its purpose was to investigate “the 
parts which the universe possesses in virtue of its form” (De caelo 1.2, 
268b13);? and that form is, Aristotle thinks, spherical." This is what 
determines the privileged motions. Consequently, says Alexander, not 
every motion which is geometrically circular is circular in this genuine 
sense: 


(T3) The motion of wheels in general, since it does not occur around the 
center of the totality, is not simple circular motion. For it has in a way an up 
and a down in each part, (since any given part is) at one time going up, at 
another down .... Moreover, (motion) rightwards and leftwards, forwards 
and backwards, whenever they are simple, occur either upwards or towards 
the center. For the movements of animals are no longer simple, since they 


10 For this translation, see Matthen and Hankinson (1993). The usual rendering 
“formally distinct parts” (Guthrie 1936, 11; cf. Moraux 1965, 3) does not capture the 
proper (and required) sense of the Greek. 

!! At this stage of the argument, this is simply assumed, although no doubt Aristotle 
thinks that it is a hypothesis of considerable empirical plausibility (cf. De caelo 1.5, 272a5- 
6: “we see the heaven revolving"). Later on, however, he will seek to establish it on the 
basis of further arguments, saying at 2.4, 287a11-12 that “it is apparent (qaívevau), and 
has been established (6zóxewau) that the totality revolves in a circle? These arguments 
depend to some extent on the premise that there is a naturally-moving circular body, the 
probandum of De caelo 1.2-4; and so once again there is a whiff of circularity about the 
procedure. But Aristotle does invoke considerations independent of that assumption: the 
sphere is the most perfect form and, hence, most appropriate to the most divine body 
(De caelo 2.3, 286b10-287a11); it revolves in a circle (as perception shows: below, T4; 
n. 19), but there can be no void beyond it (established in De caelo 1.9; cf. Phys. 4.6- 
9); hence, it must be spherical in shape: De caelo 2.4, 287a11-22); and in any case, the 
system as a whole will stand or fall in terms of its overall coherence and explanatory 
plausibility. 
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occur by way of flexing and extension of the limbs.!? Consequently even 
lateral movements are rectilinear upward and downward ones: so says 
Alexander.P? (apud Simplicium: Heiberg 1894, 15.2-13) 


Any motion of a body can perhaps be viewed as some combination 
of the simple motions (although it need not actually be so). Consider 
any possible motion of any point within the celestial sphere: either it 
maintains a constant radial distance from the center, in which case its 
motion is (genuinely) circular; or it does not, in which case the radial 
distance either increases (and it moves upward), or decreases (and it 
moves downward). 

But what about the motion of a wheel around an axis perpendicular 
to the Earth's surface (or, more properly, a radius of the cosmic sphere)? 
All of the points on its surface maintain a constant radial distance from 
the center; and so it seems to follow that, in this genuine sense, they are 
not moving at all, since they are moving neither towards, away from, nor 
around the center of the cosmos.'^ This initially paradoxical result will 
become crucial in what follows. 

According to Simplicius, in order to establish the eternity, and elemen- 
tal distinctness, of the heavens 


(T4) on the basis of motions, he [sc. Aristotle] adopts these six hypotheses: 
[H1] that there are two simple motions (circular and rectilinear);* [H2] 
that simple motion is of a simple body; [H3] that the motion of a simple 
body is simple;'$ [H4] that there is (only) one natural motion for each 


12 Although these flexings and extensions are themselves products of lateral motions, 
and the extremities describe arcs of circles and rotations (De motu an. 1, 698a18—b1). 

13 Translations of Simplicius, In de caelo are taken from Hankinson (2002) with minor 
alterations. 

14 Matters are slightly complicated by the fact that every point on the circumference of 
the spinning horizontal wheel describes a trajectory on the surface of a cosmic sphere (a 
cosmic sphere is a geometrical object, a sphere of arbitrary radius centered on the center 
of the universe). Of course, not every point describes a great circle on that sphere or even 
the smallest segment of one. So, not every point has a circular motion as this is defined 
either. But this need not bother us any further. 

15 See De caelo 1.2, 268b16-20. 

16 These (asserted at 269a3-4: T12 below) express distinct theses: [H2] states that 
simple motions belong only to simple bodies, while [H3] holds that simple bodies 
move (naturally) only with simple motions. The conjunction of [H2] and [H3] thus 
expresses the claim that all and only the (natural) motions of simple bodies are simple. 
But they do not entail that simple motions need be paired one-one with simple bod- 
ies (i.e., they are compatible with more than one body moving with the same simple 
motion). 
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body;!” [Hs] that for one thing there is one contrary;! and [H6] that the 
heavens move in a circle, as perception confirms."* 
(Heiberg 1894, 12.6-11) 


I discuss the nature of these “hypotheses” elsewhere;? the crucial two for 
our purposes are [H4] and [H5]. 

It is helpful to lay out Aristotles arguments in a formal manner. Here 
is the one which involves [H4]:?! 


[A] 


1 (1) if x is a simple body, then x has only one natural motion (Ass.; [H4]) 
1 (2) if x moves upwards naturally, it can have no other natural motion (1) 
1 (3) if x moves upwards naturally, it cannot move in a circle naturally (2) 
4 (4) fire and air move upwards naturally (Ass.) 


hence, 

14 (5) fire and air cannot move in a circle naturally (2, 3) 

1 (6) if x moves downwards naturally, it can have no other natural motion 
(1) 

1 (7) if x moves downwards naturally, it cannot move in a circle naturally 
(6) 

8 (8) earth and water move downwards naturally (Ass.) 

hence, 


1,8 (9) earth and water cannot move in a circle naturally (7, 8) 


hence 


1,4,8 (10)ifx moves in a circle naturally, x must be something other than fire, 
air, earth and water (4,9) 


17 De caelo 1.2, 269a8—9; 1.3, 269b33-34; cf. 1.8, 276a29. 

15 First expressed at De caelo 269a10, 14; see also Meta. 10.5, 1055b30 (cf. 10.4, 
1055a19-20). For a slight refinement, see (E1) and note 44 below. The principle is 
anticipated in Plato, Prot. 332d. 

19 Cf. De caelo 1.5, 272a5-6; 2.4, 287a11-12 (note 11, above). 

20 Hankinson (2009). 

21 The logically pedantic (such as myself) might object (rightly) that the argument as 
presented is not formally valid; but that validity is easily, and I think uncontroversially, 
secured. The numbers in the left-hand column (e.g., T1) refer to the assumptions upon 
which each line of the proof depends; those on the right refer to the lines of proof 
from which the line in question immediately follows. The system is basically that of 
Lemmon (1978), although I have not usually thought it worthwhile to abbreviate the 
rule of inference used at each stage on the right hand side as well. Note: “Ass.” abbreviates 
“assumption”. 
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What is at once noticeable about that argument when expressed formally 
is how economical it is. It makes use only of [H4], along with two 
empirically-based assumptions ((4) and (8)) about the motions of the 
terrestrial elements, which commended themselves widely to reflective 
Greeks:** it just looks as though heavy things fall and light things rise; 
and it is at least defensible (and explanatorily economical) to suppose that 
they do so because they are, at bottom, composed of some small stock of 
basic elements whose nature it is to do so.” 

Moreover, [H4] itself has much to be said for it as a conceptual truth, 
if it is interpreted as a conditional as it is in (A1) (i.e., if itis not assumed 
that there are such things as simple bodies so defined): for what it is to 
be simple in the appropriate sense is just to be endowed with one and 
only one defining internal tendency. This is a stipulation, to be sure— 
but there is nothing methodologically unsavoury about that. The task of 
physics is precisely to see whether it makes empirical sense to suppose 
that anything in fact satisfies this stipulative definition.“ 

Equally, (A10) is conditional in form. It remains to be established 
whether there is a body with such a nature; but if there is, it cannot be 
any of the terrestrial four. 

The same goes, in parallel, for the argument linking simplicity of 
motion with a certain geometrical conception of simplicity of magnitude 
enunciated in T1, which may expressed as follows: 


[B] 

1 (1) if x is a natural motion [i.e. the motion of a natural body], then x is 
simple (Ass.) 

2 (2) if x is a simple motion, then x follows a simple trajectory (Ass.) 

3 (3) the only three simple trajectories are upwards, downwards, and in a 
circle (Ass.) 

hence, 


2,3 (4) the only three simple motions are upwards, downwards, and in a 
circle (2, 3) 


?? Not to all of them, of course: atomists explicitly reject both the type of element- 
theory involved and the idea that there are privileged natural directions of motion, as 
does Aristotles successor Strato (see note 39 below). 

23 All of these assumptions are not only questionable, they are false. Moreover, there 
are further questions as to why, and how, Aristotle arrives at the need for four, rather than 
two, sublunary elements (see Hankinson 2009, $VIII). But we may ignore these concerns 
here. 

?* See Hankinson (2009) esp. SSII-III. 
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hence, 


1,2,3 (5)ifxisa natural motion, then x is either upwards, downwards, or in a 
circle (1, 4) 


Once again, it is important that (B5) does not assert categorically that 
there are natural motions; it only says what they must be like if there 
are to be any. The connection between natural motion and simplicity 
enunciated in (B1) and (B2) again is conceptual; but it relies on an 
intuitive principle of causality, to the effect that a single causal influence 
can manifest itself only in a single, particular, determinate way.” One 
might take issue with (B3), as Xenarchus did (note 2, above), but it too 
is defensible.” And even if the defence fails, it may be replaced by a 
weaker principle which will still do the work required of it, namely, of 
defining the parameters within which a motion may be considered to 
be both natural and simple: for again, (B5) does not assert that, if there 
are natural motions, they must follow all of the possible available simple 
trajectories.” 

The conclusion is drawn (and the conditional nature of the reasoning 
emphasized) in the following lines: 


(T5) (a) If, then, there is simple motion, and circular motion is simple, 
and if it is both the case that the motion of a simple body is simple and 
that simple motion is of a simple body (since if it were of a compound, 
it would be in respect of what predominates), there must be some simple 
body which naturally moves with a circular motion in accordance with 
its own nature. (b) For while it might move with the motion of another, 
distinct body by force, it could not do so naturally, given that there is only 
one natural motion for each of the simple bodies. 

(De caelo 1.2, 269a2-9) 


In (a) Aristotle expresses two of Simplicius six hypotheses, [H2] and 
[H3] (although as [H3] does no work in the argument, it is perhaps better 
to think of [H2] and [H3] as forming for Aristotle a single compound 
assumption) and part of a third ([H1]. (b) also invokes [H4] (see further 
below, 100). This apparently yields the following simple argument: 


25 Plato makes use of such principles in the Phaedo 100b-102b, namely, that the same 
effect cannot be produced by opposite causes and that the same cause cannot produce 
opposite effects; see Hankinson (1998) ch. 3.1b. 

26 Heiberg (1894) 13.22-14.21; see Hankinson (2003). 

27 As Alexander put it (apud Simplicium: Heiberg 1894, 13.12-20, 29-14.3), the simple 
trajectories are material causes of the natural (simple) motions (see Hankinson 2003, SII 
and 2009, SIV). 
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[C] 

1 (1) if x is a simple motion, then x belongs to a simple body ([H2]) 
2 (2) circular motion is simple (part of [H1]) 

hence, 


1,2 (3) circular motion belongs to a simple body (1, 2)? 


But that seems clearly inadequate, since as (b) implicitly allows, some- 
thing might move circularly by force; and if it does so, its motion is by 
definition not natural for it; and ifits motion is not natural for it, then itis 
not, again definitionally, a simple body which is so inclined to move. For 
while it has been part of the arguments structures so far that naturalness 
of motion implies simplicity, the converse has never been asserted. 

It seems as though there is an ambiguity lurking in the terminol- 
ogy here. If we treat simplicity of motion purely as a matter of what 
geometrically-determined trajectory is followed, namely, either towards, 
away from, or around the center (cf. T2: call that “geometrical simplic- 
ity" or “simplicityg”), then not all simpleg motions will necessarily be 
the motions of simple bodies. For the compounds move “in respect of 
what predominates” (cf. note 5), and hence (C1) will be false. Conversely, 
(C1) is plausible only for a stronger sense of “simple,” where simplicity of 
motion is treated as being a defining characteristic of simple bodies (call 
that “physical simplicity” or “simplicityp”), in which case it becomes a 
stipulation. Hence, not all simpleg motions will be motions which are 
also simplep. 

But (C2) seemed to be a purely geometrical determination; and this is 
true even if “circular motion” properly so called is restricted to motion 
about the center of the cosmos; for nothing as yet has determined that 
such a motion is natural for anything (recall that simplicity of trajectory 
does not entail the existence of an associated simple motion). In effect, 
(C1) needs to interpret simplicity of motion strongly, as simplicityp. 
But (C2) is only (thus far at any rate) plausible in the weaker sense of 
simplicityg. 


28 This formulation is a trifle equivocal as it stands. (C2) should really be interpreted as 
a universally-quantified conditional (“take anything you like, if it is a circular motion then 
it is simple”), from which the most that follows (without a further categorical premise to 
the effect that “there is circular motion’) is itself conditional: “if there is circular motion, 
then it is simple. This will be of importance later on—but I prefer to leave the ambiguity 
standing at the moment. 
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Hence, it seems that if we are to conclude that some specific circular 
motion belongs to a simple body in line with (C3), then we need to 
have further reasons to suppose that this is the case. We cannot simply 
infer it from the fact that its motion is circular. Rather, we need to 
know that it is the right sort of circular motion; and it seems we cannot 
do that, in this argument at any rate, without begging the question at 
issue. 

But there is a better way of reconstructing that argument, one which 
does not trade on the ambiguity between simplicityp and simplicityg. This 
version of the argument also employs [H6]: 


[D] 

1 (1) the heavens move in a circle (Ass., [H6]) 

2 (2) natural circular motion is simplep (Ass.) 

hence, 

1, 2 (3) ifthe heavens move with a natural motion, that motion is simplep (1, 
2) 

4 (4) if x is a simplep motion, x belongs to a simple body (Ass., [H2]) 

hence, 

4 (5) if the heavenly motion is simplep, heavenly motion belongs to a 
simple body (4) 

hence, 


1,2,4 (6) ifthe heavens move with a natural motion, heavenly motion belongs 
to a simple body (3, 5) 


That argument does not equivocate on the notion of simplicity in the 
manner of [C]; rather it consistently construes simplicity as simplicityp. 
Of course, the conclusion is only conditional; it requires further consid- 
erations to establish the truth of its antecedent and, hence, to detach the 
consequent. But Aristotle does in fact supply such considerations. A page 
or so later, he argues that 


(T6) if movement in a circle is natural for anything, it is clear that it 
would be one of the simple and primary bodies which moves naturally in 
a circle, just as fire does upwards and earth downwards. But if the things 
that move in a circle by circular movement do so unnaturally, it would be 
bizarre and downright absurd for this to be the only continuous and eternal 
motion, seeing that it is unnatural: for it is evident in other contexts that 
the unnatural things are the most swiftly destroyed. 

(De caelo 1.2, 269b3-10) 


94 R.J. HANKINSON 


That the heavenly bodies do revolve eternally is, Aristotle thinks, a 
reasonable inference from observation: “in all of past time according 
to the records handed down from one (generation) to another, neither 
the whole of the outermost heaven nor any proper part of it has ever 
apparently changed” (De caelo 1.3, 270b13-16).? Furthermore, if the 
heavens really do move as they do unnaturally, then they must be forced 
to do so by something else; and that something else can only be, for 
Aristotle, something which itself has such a movement by nature. *” Thus, 
in one way or another, the antecedent of (D6) will be satisfied: either 
directly (the heavens really move themselves), or indirectly (there is 
something which moves naturally in a circle, and which moves the 
heavens). Hence, either way (D6) will imply that there is indeed “some 
simple body which naturally moves in a circular motion in accordance 
with its own nature” (above T5(a)). 


2. The hypothesis of contrariety 


So far, then, so methodologically salubrious. Let us now turn to the 
arguments involving the remaining hypothesis, [H5], the contrariety 
principle; for it is here, according to the prosecution, where the serious 
trouble begins. 


2 According to Simplicius (Heiberg 1894, 117.24-30), this is true for Babylonian 
records going back 1,440,000 years (by contrast the Egyptians can manage a mere 
630,000). 

3° At this point it will be objected that, for Aristotle, the ultimate cause of all motion, 
including circular motion, is an unmoved mover. But, pace Guthrie (1936, 79 n. c), there 
is no real hint of the doctrine of the unmoved mover in De caelo. Thus, while 2.6, 288a27— 
b4 does distinguish between the mover and the thing moved in the case of the heavens, 
it is at least possible that the “mover” here is the internal nature or essence of the moving 
body in virtue of which it moves; equally, there is no need to suppose that other passages 
(1.7, 275b25-29; 1.8, 277b9-12; 2.12) imply the doctrine of Meta. 12.8 (esp. 1074a31- 
38) and Phys. 8.4-6 (on this issue, see Elders 1965, 27-33, although his is an excessively 
developmental and stratigraphic approach). Moreover, an unmoved mover is, properly 
speaking, a mover for a particular body; and for that body, the motion induced by its 
mover is natural. One might also take issue with the contention that only something 
which has a natural tendency to move in a circle can induce an unnatural circular 
motion in something else: "Why could an unnatural circular motion not be induced 
by a confluence of various natural non-circular motions?" (this question was posed by 
Tim O'Keefe). Part of the answer is supplied in note 7 above. But even so, one might 
point out that you can generate circular motion out of oscillating linear motions plus 
suitable constraints, as in any piston-engine; and although there is no reason to suppose 
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In chapter 5 of his “philosophical lexicon” (Meta. 5), Aristotle discusses 
the senses of the term “opposite” (&vwxeluevov), one species of which is 
"contrary" (€vavtiov): 


(T7) Said to be contraries are (a) those items, of things different in type?! 
which cannot apply at the same time to the same thing; (b) those items 
which differ the most of things of the same type; (c) items which differ 
the most in the same subject; (d) items which differ the most in regard 
to the same capacity (50vauug); or (e) are such as to exhibit the greatest 
difference, either simpliciter, or generically, or specifically. 

(Meta. 5.10, 1018a26-31) 


That is not entirely lucid—it is not clear what if anything (e) adds to 
what has gone before; nor how (b) differs from (c)?— but it establishes 
that for Aristotle there is no fixed or even preferred meaning of the term 
&vavitov. This in turn suggests that the same thing may have more than 
one contrary, depending on the context. At Top. 2.7, 113a14-19, Aristotle 
seems to say as much. 

On the other hand, common to (b)-(e) is the idea that contraries so 
called are in some sense polar opposites, at opposite ends of a continuous 
scale; which tends to imply [H5]. This is supported by Aristotles remark 
at Meta. 10.4, 105543—5: 


(T8) Since things which differ from one another can do so either more 
or less, there is also such a thing as the greatest difference, and this I call 
"contrariety" (evavtimots). (Meta. 10.4, 1055a3—5) 


that Aristotle knew that, he was surely familiar with the centrifugal circular action of a 
sling-shot. Ultimately, here as elsewhere, Aristotles assumptions will stand and fall not 
on a priori considerations of conceptual consequence, but on how well they can account 
for the phenomena of the world as it apparently is. 

31 The word translated “type” here is yévoc. But the sense cannot be that of things 
generically different in any strong sense. Rather, Aristotle simply means any two proper- 
ties F and G which are such that, if F holds of something G cannot (and trivially of course 
vice versa), properties such as red and green for example (which clearly do fall within the 
same genus, namely, that of color). Indeed, if they are not in some way generically related, 
itis hard to see how F and G could be incompatible (other than in the weak sense of being 
predicates which only apply to types which never intersect, e.g., “happy” and "prime"). 
However, it is clear that yevdc in the description of type (b) does have something like 
its technical sense; and it is hard not to think that Aristotle has been at least irritatingly 
(although not uncharacteristically) careless about terminology here. 

32 See Kirwan (1971) 152, Ross (1923) ad loc. Meta. 10.3, 1054b31-1055a1 distin- 
guishes between contraries “which are different in genus, and those which are in the same 
category of predication and, hence, in the same genus and the same in genus? 

33 His subject is that of actions and dispositions in which there is more than one 
variable. His point is simply that the contrary of, e.g., doing harm to ones enemies may 
be either doing harm to one’s friends or doing good to ones enemies (cf. De int. 14). 
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There then follows a rather obscure argument designed to support 
this claim, namely, that contrariety is “complete difference” (Meta. 10.4 
1055a5-19; see T10 below), the upshot of which is that 

(To) it is clear that it is not possible for there to be more than one contrary 
to one thing, since there is nothing more extreme than the extreme, and 


nor are there more than two extremes of a single interval. 
(Meta. 10.4, 1055a19-22) 


So [H5] is explicitly asserted here. Yet T7(a) seems clearly compatible 
with there being many contraries in that sense—the same thing cannot 
be both red and green; but then it cannot be both red and blue either; so 
in sense (a), both blue and green are contraries of red (as well as of each 
other). 

Yet for all that, it seems that for Aristotle (a) is a degenerate, or 
peripheral, sense of contrariety. And even though he does say elsewhere 
that “privation (oréonoic) may be allowed to count as a contrary" (Phys. 
5.1, 225b3- 4), the point is linguistic rather than substantial: “not-light,” 
the privation of light, may refer to “dark,” which is properly speaking its 
contrary. The point is reinforced in Meta. 10.4: 

(T10) The primary contrariety is between a state (€&tc) and its privation; 


but not every kind of privation (for “privation” is said in many ways), but 
whatever form of it which is complete. (Meta. 10.4, 1055a23-26) 


Moreover, even if something can count as the contrary of F just in case it 
is not (fully) F, that need not compromise [H5], if the contrary of the 
positive condition is considered to be the complete range of privative 
possibilities, in other words, if the contrary refers to the whole set of 
not-F states collectively and not distributively. Thus, being blue and 
being green are not separate contraries of being red, but rather different 
ways in which something may satisfy the privative contrary condition to 
redness, namely, that of non-redness: the contrary condition as such is 
not differentiated. 

But even so, it is clear from T10 and elsewhere that properly speaking 
contraries are co-ordinate. If A is the contrary of B, then B is the contrary 
of A. While that works logically in the case of simple privatives, it is clear 
that “redness” and “non-redness” are not conceptually speaking on all 
fours: non-redness is an umbrella-concept in the way that redness is not. 
Equally substances cannot have contraries except accidentally (Cat. 5, 
3b24-27; 4a29-32), nor can definite quantities (Cat. 3b27- 32). 

Furthermore, 


(T11) every contrariety must be a sort of privation, while perhaps not 
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every privation is a contrary. ... Every contrariety has a privation as one 
of the contraries, but not all of them in the same way. ... Hence, for some 
of them there is an intermediate, for instance a man who is neither good 
nor bad, while for other there is not: it must be either odd or even. ... 
Consequently it is evident that one of the contraries is always predicated 
by way of privation; but it is enough if the primary and generic contraries 
(exhibit this feature), such as one and many;* for the others can be reduced 
to these. (Meta. 10.4, 1055b14-29) 


And a little earlier, Aristotle explicitly distinguishes between contra- 
diction and contrariety: "contradiction is not the same as contrariety; 
and privation is a form of contradiction" (Meta. 10.4, 1055b3-4; cf. An. 
prior. 2.8, 59b8-60a14; 2.11, 62a11-19). Again the upshot is that not all 
expressions of privation (and hence not all contradictories) will properly 
express contrariety. However, as T11 also maintains, it is not an entail- 
ment of two things being genuine contraries that there be some inter- 
mediate state between them, as the case of oddness and evenness shows: 
there is no continuum of states between two extremes, but rather every- 
thing in the genus is parcelled out bivalently between the two species. 
On the other hand, strictly speaking, intermediates themselves cannot 
be contraries— there is no evident case of an intermediate which is con- 
trary, nor could there be by definition" (Meta. 10.5, 12-15)—something 
which will become important later on.” 
Finally, consider the following from the Topics: 


(T12) Further, you must see whether there is a contrary in the same 
species. This investigation is multifarious: first you should see whether the 
contrary is also in the same genus, the genus itself having no contrary (for 
contraries must be in the same genus if the genus has no contrary). But if 
the genus does have a contrary, you must see whether the contrary is in 
the contrary genus: for the contrary must be in the contrary genus, if the 
genus has a contrary. (Top. 4.3, 123b1-8) 


Whatever the obscurities of that?ó this too suggests that of each contrary 
there is only one (genuine) contrary; and that, pretty clearly, has emerged 
as the dominant Aristotelian idea, whatever the indeterminacies of T7. 
With all of this in view, let us now return to Aristotles arguments in the 
De caelo. 


34 That is, “many” =gr not one (for the domain of positive integers). 

3 Aristotle discusses the nature of intermediacy between contraries at some length in 
Meta. 10.7. 

36 Some of them are occasioned by the fact that the Topics is a manual of practical 
argument, a primer of strategies to be used in probing the weak spots of an opponents 
position. 
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3. Fallacies of equivocation? 
Consider the following argument, which Aristotle does not express di- 


rectly, but which nevertheless relies exclusively on assumptions to be 
found in T13 below, as indicated: 


[E] 

1 (1) for each thing there is (at most)? one contrary (Ass.: 269a10, 14 
[H5]) 

2 (2) natural motion is the contrary of unnatural motion (Ass.: 269a9- 
10)38 

3 (3) upwards and downwards are contraries of one another (Ass.: 
269a14-15) 

hence, 

3 (4) motion upwards is the contrary of motion downwards (4) 

1,3 (5) the only contrary of motion upwards is motion downwards (1, 4) 

1,3 (6) if x moves upwards naturally, its only contrary motion will be 


motion downwards (5) 

1,2,3 (7) if x moves upwards naturally, its only unnatural motion will be 
downwards (2, 6) 

1,3 (8) if x moves downwards naturally, its only contrary motion will be 
motion upwards (4) 

1,2,3 (9) ifx moves downwards naturally, its only unnatural motion will be 
upwards (2, 8) 


Note the wording of (E6): it does not merely contend that the only way 
for a naturally upwardly-mobile body to move downwards is unnaturally, 
but makes instead the altogether stronger claim, in line with the domi- 
nant account of contrariety discerned in section 2, that the only sort of 
unnatural motion for it will be that downwards. The same goes mutatis 
mutandis for (E8). It follows from this that, e.g., sideways motion will 
not (as such) be unnatural for it. Even so, it may contain either a natural 
or an unnatural component, according to whether it tends to bring the 
body closer to, or further away from, its natural place (cf. T3 above). (The 
notion of natural place is part of Aristotle’s general conceptual repertoire 
in physics and cosmology; suffice it to say here that the natural places of 


37 See note 44, below. 

38 (2) might of course be derived from a prior, more general, principle, namely, 

(2*) the natural is the contrary of the unnatural; 

but I present the argument here using only premises which Aristotle explicitly as- 
sumes. 
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the terrestrial elements are those regions in which they are naturally at 
rest, and towards which they strive if they are removed from them).?? 
Now consider the following text which supplied the material for argu- 
ment [E]: 
(T13) If unnatural (motion) is contrary to natural (motion), and for one 
thing there is one contrary, then since circular motion is simple, if it is 
not the natural motion of the moving body then it must be unnatural 
for it. So if fire, or something else of this kind, moves in a circle [sc. 
unnaturally], then its natural motion will be contrary to the circular. But 
for one thing there is one contrary; and upwards and downwards are 
contraries of one another. But if it is some other body which moves in 
a circle [sc. unnaturally], there will be some other motion natural to it. 
But this is impossible, since if it is upwards it would be fire or air, and if 
downwards water or earth. (De caelo 1.2, 269a9-18) 


Natural motion is the expression of the body’s essential motile tendency; 
unnatural motion, properly so called, is movement that actively resists 
that tendency. Thus, not all motions which are not natural are unnatural 
in this central sense. 

T13 yields the following argument, which makes use of some of the 
earlier premises: 


[F] 

1 (1) if x moves in a circle, then x moves either naturally or unnaturally 
(Ass.: cf. C2, E1, E2) 

2 (2) if x moves in a circle unnaturally, there must be some other motion 
which is natural for it (Ass.: cf. E2) 

3 (3) the natural motion of fire [and air] is upwards (Ass.) 

hence, 


3 Cf. Phys. 3.5, 205a8-b1; 4.1, 208b8-12; 4.4, 211a4-6, 212a21-30; 4.5, 212b29— 
213211; De caelo 1.3, 269b18-29; 4.3-5. Strictly speaking, for Aristotle an objects place 
is the innermost surface of the surrounding envelope of material (Phys. 4.4, 212a2-14), 
and so, place, conceived in this way, is a two-dimensional surface. But such a place clearly 
circumscribes a region, and so this way of talking is in this sense harmless. Furthermore, 
precision demands that we speak of Aristotelian elements moving towards the extremities 
of their places (a piece of earth will always have the tendency to fall, even if it is supported 
by more earth in its natural place: see e.g., De caelo 2.14, 298a8-b17); but again, this is 
not important for our purposes here (although it does introduce further difficulties of its 
own). The Peripatetic Strato (note 22, above) rejected the notion, at least in Aristotelian 
form, that everything has weight (i.e., a natural tendency downwards) and that there is no 
corresponding upward tendency (Wehrli 1950, Frr. 50-52). Xenarchus certainly modified 
this notion too (see Hankinson 2003). 
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3 (E6) (4) the only unnatural motion of fire [and air] is downwards (3, E6) 
5 (5) the natural motion of earth [and water] is downwards (Ass.) 
hence, 


3 (E8) (6) the only unnatural motion of earth [and water] is upwards (3, E8) 


hence, 

2, 3 (E6, E8) (7) if x moves in a circle unnaturally, x is neither fire nor 
earth [nor air nor water] (4, 6) 

but 

2 (B1, B4) (8) if x moves in a circle unnaturally, it must move naturally 
either upward or downward (2, B5) 

2, 3 (B1, B4) (9) if x moves upward naturally, it must be fire [or air] (3, 8) 

2, 5 (B1, B4) (10) if x moves downward naturally, it must be earth [or 
water] (5, 8) 

hence, 

2, 3, 5 (B1, B4) (11) if x moves in a circle unnaturally, it must be either earth 
or fire [or air ore water] (8, 9, 10) 

hence, 

2, 3, 5 (E6, E8, B1, B4) (12) x cannot move in a circle unnaturally (7, 11: 

reductio) 
hence, 


1, 2, 3, 5 (EG; E8, B1, B4) (13) if x moves in a circle, then x does so naturally 
(1, 12) 

But, given that there is something which moves in a circle, and given 

[H4] (cf. T5(b)), then there will be an element, the aether, whose (sole) 

natural tendency will be for circular motion.“ Thus (F13), along with 

[H6], allows us to satisfy the antecedent of the conditional in (D6); the 

arguments are no longer simply hypothetical. 

But, according to the prosecution, this is precisely where the problems 
begin to surface. T5(b) appears to allow that something could move 
in a circle forcibly; but now (F13) seems unequivocally to have ruled 
that out.*' What is more, this conclusion seems much too strong for 


^' Of course, [H4] could be controverted, as it was by Xenarchus (see Hankinson 
2003). 

^! This apparent self-contradiction is not in itself an objection. It is of course perfectly 
dialectically respectable to assert that p, only if q, and then to deny q: the antecedent of 
the conditional in modus tollens is not first asserted and then denied. 
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any intuitive construal of the premises which are supposed to entail it. 
The difficulty again seems to involve an equivocation. (F1) commends 
itself as a logical truth; but it will be so only if “unnatural” is read 
simply as the contradictory of “natural,” i.e., as “non-natural” (henceforth 
“unnaturaly”). For only in that case will its consequent exhaust all the 
available logical possibilities and, hence, be necessarily true, which in 
turn entails (by a standard theorem of propositional logic) the truth of 
the conditional itself. 

But then it will not necessarily be the case that if a motion is unnatural 
(in this sense), then it must be the natural motion of something else, since 
that only follows if “natural” and “unnatural” are used in their strong, 
contrary senses, in which “unnatural” means “contrary to the nature of” 
or “counter-natural” (henceforth *unnaturalc"). But read in this way, (F1) 
is no longer a logical truth. Again, the crucial moves in the argument, 
the alleged entailments of (F4) and (F7) by (F3) and (F6), work only if 
“unnatural” is read as unnaturalc. 

Things get worse when we consider that Aristotle himself, at any rate 
when he wrote the Meteorologica, did not endorse the conclusion of this 
argument either. In that text, he holds that the body of fire, and the upper 
air as well, are carried around by contact with innermost heavenly sphere 
(Meteor. 1.3, 340b32-41a12).? And this seems in flat contradiction with 
(F12), not to mention (F7). 

At this point one might invoke developmental hypotheses. De caelo, it 
may be said, is an early, immature work (after all, it seems largely if not 
wholly innocent of the doctrine of the unmoved mover),? and there is 
nothing to prevent Aristotle from having at one time supposed that fire 
could never revolve under any circumstances, on the basis of the flawed 
argument [F], but later recanting and allowing the sphere of fire to be 
moved by the aether. 

That may be right (although I am inclined to doubt it). But develop- 
mental hypotheses are generally evidentially underdetermined, and usu- 
ally philosophically boring. And if Aristotle had changed his mind about 
so fundamental a feature of his system, one might have expected him to 


? Actually, it is difficult to determine whether in the physics of Meteor. the sphere of 
fire, now called “the inflammable” (tò dnśxxawuua) and explicitly said not to consist of 
fire as such, really is distinct from the upper air (Meteor. 1.3, 340b21-30). But this com- 
plication does not affect our argument. On the issue of the movement of the firesphere, 
see Leggatt (1995) 178-179. 

43 See note 30, above. 
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signal the fact more explicitly in the Meteor. (although it must be said 
that Aristotle is not one for public recantation). 

But in any case all is not yet lost. One premise of T13 has not been con- 
sidered in the previous analysis, namely, that asserting the simplicity of 
circular motion (269a10—11; cf. 269a3: T5(a), (C2), (D2)). As Simplicius 
puts it: 

(T14) Ingeniously he says that the reason why, if circular motion is not 
natural then it is unnatural, is that it is simple. For if it were not simple, it 


would be possible for it to be neither contrary nor unnatural, but simply 
non-natural (ob xatà qvo). (Heiberg 1894, 19.20-24) 


Simplicius introduces the expression “od xarà qo" (as opposed to 
"mad puotv”) precisely in order to signal the distinction between unnat- 
uralc (to which the latter expression should properly refer) and unnatu- 
raly (which the new coinage is designed to pick out). Effectively, he argues 
that Aristotle is entitled to take the disjunction of (F1) as involving the 
strong notion of unnaturalnessc and yet still as being exhaustive because 
of his prior acceptance of the claim that circular motion is simple. 

Here we need to recall the ambiguity diagnosed earlier between senses 
of “simple” (above, [C] and [D]), and the establishment in (D6) and 
T6 above of the conclusion that there is something which has a natu- 
ral revolving tendency, and which is ultimately responsible for the phe- 
nomena associated with the heavenly bodies. The conclusion that fire (for 
example) does not move in a circle unnaturally (F7), then, is only meant 
to establish that, on this view, fire does not move in a circle unnaturallyc, 
against its will as it were. For all that it may still move in a circle, but not 
naturally. 

And this sits perfectly well with the considerations brought up by 
Alexander (T3 above), and those deriving from argument [E]. Every 
motion in a straight line, no matter what its orientation, will involve 
at least a component of motion either upwards or downwards, away 
from or towards the center. The only motion not to do so is that around 
the center—ignoring for the moment the rotation of horizontal wheels 
(pages 87-88, above)—but this is precisely the motion of the firesphere 
or Urexxowua. (see note 42, above). Genuine circular motion does not 
take the elements either any closer to or any further away from their 
natural positions, since they maintain the same radial distance from the 
center; hence, this revolving motion is neither natural nor unnaturalc 
for them. To put it another way, qua element they are not moving at all. If 
“unnatural” is defined in this way for motion, and if the simple motions 
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are defined by simple lines, it does indeed follow that there can be (at 
most)* one motion contrary to each of them. 

Yet the prosecution will urge that this construal does not sit terribly 
well with the text as we have it. Indeed, it looks as though T13 fulfils 
some genuine argumentative function for Aristotle only if it establishes 
that fire cannot move in a circle at all (for why should it matter that it 
only cannot do so against its nature?); and yet that is precisely what the 
analysis just urged seeks to deny. Moreover a few lines later, he argues 
that 


(T15) From these things it is clear that there is some bodily substance other 
than the ones which exist around here? which is more divine and prior to 
all of them; and (it would be so) even if one were to assume further (a) that 
all motion is either natural or unnatural, and (b) that what is unnatural for 
one is natural for another, as is the case for those upwards and downwards. 
For the latter is unnatural for fire; the former, for earth; and vice versa in 
the case of the natural. Consequently, (c) it is necessary that the circular 
motion too, since it is unnatural for these, is natural for some other body. 

(De caelo 1.2, 269a30—269b2) 


Here (a) seems to demand reading “unnatural” as “unnaturaly,” if it is 
to have any intuitive plausibility, since to assert that all motions were 
either natural or unnaturalc would be to assert that there were in fact 
no motions which were neutral for any particular object. Moreover, the 
conclusion (c) also requires interpretation in accordance with unnatural- 
nessy, since evidently circular motion is not unnaturalc for fire and earth. 
On the other hand, (b) seems plausible as a general claim only ifit is taken 
in the sense of unnaturalc, since there are all sorts of motions (oblique 
ones, for example) which are unnaturaly for every element, but natural 
for none. Once again, things look like a mess. 
The argument may be formalized as follows: 


[G] 
1 (1) all motion is either natural or unnatural (but not both)*(Ass.) 
2 (2) for any y, if m is unnatural for y, then there is an x such that m is 


natural for x (Ass.) 


^ This qualification to [Hs] is only implicit in Aristotles text. But it is required both 
generally in that some things are not contraries at all and, hence, can have no contrary 
(page 96, above), and in particular by De caelo 1.4, which argues that there is no contrary 
to circular motion (see page 113, below). 

45 That is, the four terrestrial elements. 

^6 The disjuncts not only need to be (a) jointly exhaustive, they must be (b) mutu- 
ally exclusive as well. “Natural” and “unnatural,” in whatever interpretation, satisfy (b). 
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hence, 

2 (3) ifcircular motion is unnatural for earth, water, air and fire, there 
is an x such that circular motion is natural for x (2) 

4 (4) the natural motions of earth and water are downward, of fire and 
air upward (Ass.) 

5 (5) every body has at most one natural motion (Ass.: [H4], (A1)) 

hence, 

4, 5 (6) circular motion is not natural for earth, water, air and fire (4, 5) 

hence, 

1, 4,5 (7) circular motion is unnatural for earth, water, air and fire (1, 6) 

hence, 


1,2,4,5 (8) there is an x, distinct from earth, water, air and fire, such that 
circular motion is natural for x (3, 7) 


And x of course is the aether. So on the face of it Aristotle has his desired 
conclusion. 

Yet equivocation threatens here too. (G1) only has any initial plausi- 
bility if “unnatural” is read as “unnaturaly”—compare the case of (F1) 
above—but the pivotal premise (G2) seems to commend itself only if 
“unnatural” is construed as “unnaturalc.” Oblique motion is not natu- 
ral for anything, although an object, e.g., a ball descending a Galilean 
inclined plane, may move along an oblique or curved, trajectory as a 
result of its natural motion. Here the motion is best seen for Aristotle 
(and perhaps for Galileo too) as a form of constrained natural motion. 
Further, it is not true that every unnaturaly motion has at least some com- 
ponent that is natural or unnatural in the stronger sense—consider again 
the motion of horizontal spinning tops (page 88, above). Again, for Aris- 
totle, (G7) can only possibly true in the sense of unnaturaly. Here then, 
if anywhere, it seems as if Aristotle is guilty of equivocation as well as of 
adopting implausible principles. 


Whether they also satisfy (a) is precisely what is at issue in the distinction between 
unnaturalc and unnaturaly. Simplicius discusses the interpretation of “unnatural” at 
Heiberg (1894) 21.1-25, 51.28-52.18 (see also page 106 ff., below). Simplicius (Heiberg 
1894, 231.1-19) also discusses one of Aristotle's arguments (De caelo 1.7, 274b29-32) 
against the possibility of there being an element infinite in size, in terms which show that 
he is construing “forcible” (as applied to motion) to mean unnaturalc (cf. De caelo 1.7, 
276a6-16 and Heiberg 1894, 243.24-244.33). 
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Against this, one might note that [G] is a supplementary argument, 
one not necessarily uttered in propria persona. The concessive “even 
if" of T15 suggests that it takes off from considerations not endorsed 
by Aristotle, which in turn implies that in his view not all motion is 
necessarily either natural or unnatural. In other words, the proper sense 
of “unnatural” is unnaturalc. Equally, if we allow for the sake of argument 
that all motion is either natural or unnaturalc (i.e., that any motion that 
is not natural for something actively counteracts its natural tendencies) 
then [G] involves no equivocation, since there is ex hypothesi only one 
sense of “unnatural”. That is, every motion which is unnaturaly will ipso 
facto be unnaturalc. 

Even so, it is hard to see why, just because some motion is strongly 
contrary to the nature of one thing, it must be natural for something else. 
This would entail among other things that Stratos view (note 39, above) 
that every physical object has weight and, hence, tends to fall but yet may 
still be forced upwards by extrusion, must be conceptually incoherent. 
But Stratos position surely cannot be ruled out on logical grounds alone. 

Might Aristotle falsely have supposed that it could? The evidence is 
against this. The extrusion theory predates Strato (it is owed to Dem- 
ocritus) and Aristotle was well aware of it. At De caelo 4.2, 310a7—13, he 
argues against those “who make all matter the same: nothing is unquali- 
fiedly light or upwardly mobile, but is either left behind or squeezed out,” 
on the grounds that large quantities of air and fire would be heavier than 
small ones and, hence, would have less of a tendency to rise (relative to 
the other bodies). He thinks that this can be shown empirically to be false 
(cf. De caelo 1.8, 277a27-b9) but he does not hold it to be logically inco- 
herent.*” 

The closest he comes elsewhere to explicitly endorsing the principle 
expressed by (G2) is at De caelo 1.9, 278b29-34 (cf. Heiberg 1894, 283.1- 
9). In the course of arguing that no body could be outside the sphere of 
the fixed stars, Aristotle says that, if it were, it would be in an unnatural 
place; but this unnatural place would have to be natural for something 
else. But, of course, this is not the same principle and neither is the claim 
that whatever can move naturally can also be moved unnaturally (De 
caelo 1.7, 275b23-25); and although Aristotle may have thought that 
they derived from a more general axiom relating the natural and the 
unnatural, he nowhere either says, implies, or even suggests this. 


47 See also Heiberg (1894) 267.10—269. 28, 569.5-8, 712.27-30. 
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I think that, to the extent that Aristotle would have endorsed (G2) (and 
given the concessive nature of the argument there is no strong reason 
to suppose that he did), he would have done so on physical, dynamical 
grounds. ‘That is to say, if something is moving unnaturally in whatever 
sense of “unnatural,” there must be some reason why it is doing so; 
and that reason can only be because it is being moved by something 
which can move naturally in that way. At De caelo 1.7, 275b25-29, 
Aristotle considers the case of a (putative) infinite body being moved 
unnaturally,** and concludes that, if it were to do so, it could do so 
only under its own steam, in which case it would either be an animal 
(“unnaturally” then means “unnaturally qua physical body”)—which is 
impossible because there cannot be an infinite animal—or under the 
influence of something else for which that movement is natural. Thus, 
if we restrict ourselves to consideration of motions that are not produced 
by animals, if there is an unnatural motion—if some body moves with 
a motion which is not natural to it?—then it must be caused to do 
so by something which naturally moves that way.°° And, hence, G2 is 
vindicated but by physical, rather than purely conceptual, premises. 


4. Preternatural motions 


So, the defence will claim, there is a consistently clear and simple doctrine 
lurking behind the admittedly confusing and baroque facade of Aristo- 
tles texts. Properly so called, unnatural (unnaturalc) motion is motion 
which fights against the natural tendency of the body in question. Given 
that definition, there will be some (not many) motions which are nei- 
ther naturalc nor unnaturalc, such as that of the firesphere (see note 42, 
above). This is the preferred interpretation of Simplicius; and he coins the 
term “preternatural” (bee qo)?! to describe, e.g., the circular motion 
of the firesphere: 


48 The precise interpretation of the text here is disputed; see Guthrie (1936) 64-65 note 
c, Hankinson and Matthen (2009) ad loc. But these disputes do not greatly affect the issue 
here. 

43 Again, we need not distinguish between unnaturalc and unnaturalx. 

50 But see note 30, above. 

>! I am not certain that it is Simplicius’ coinage, but I know of no earlier example of 
it. Note that it is not simply equivalent to “non-natural” (od xatà qo). For a things 
movement to be preternatural (or supernatural as "dnzo qo" is sometimes rendered, 
though that has too many connotations of non-physical explanation), it must be both 
non-natural and the product of the natural motion of something superior to it (see T16). 
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(T16) This type of motion is neither natural nor unnatural but rather 
preternatural, or unnatural in that it is in accordance with the nature 
of something else more powerful that provides living motion (for it) in 
accordance with the highest degrees of life. And something unnatural in 
such a way is not a contrary; for it obtains neither in respect of contrary 
qualities (as the upward and downward do), nor do (such motions) conflict 
with one another, since the natural is rather preserved by the preternatural. 

(Heiberg 1894, 51.23-28; cf. 21.25-27) 


Earlier, Simplicius has characterized this sense of non-natural motion 
as “something other than natural, since it is (the motion) of something 
greater which controls it” (21.2223), i.e., the revolving aether. Indeed, 
it might be said that, properly speaking (and consistent with the sugges- 
tions made earlier), the firesphere was not really moving at all (at least qua 
fire); and Simplicius indeed suggests that when revolving at the periphery 
fire is really at rest (21.26-32). 

Here Simplicius is in stark disagreement with Xenarchus who holds 
(followed by Philoponus) that fire moves upwards only when it is in 
an incomplete state (i.e., when it is not in its natural place). Aristotle 
himself characterizes the motion towards its natural place for a body 
as motion “towards its form” (De caelo 4.3, 310a33—34), but when it is 
fully actualized (i.e., when it is at the periphery), it moves naturally in a 
circle (Heiberg 1894, 20.10-17, 21.32-22.17). But we need not concern 
ourselves with those arguments now.” Suffice it to say that it appears that 
a consistent set of considerations can be elaborated on Aristotle's behalf 
in favour of the postulation of the fifth element. Whether he is ultimately 
justified in so doing is another matter, and one that depends in large part 
on the plausibility of [H4].** 

Still, even if one is convinced that there are mutually coherent interpre- 
tations of all of these arguments, and that Aristotle need not equivocate 
fatally on the senses of “natural” and “unnatural,” one might still legiti- 
mately wonder whether Aristotle himself really had the entire business 
straight. It certainly would have helped if he had adopted something like 


52 This provides an implicit answer to an objection of Galileo: 

On the other hand they [sc. the Peripatetics] describe as preternatural to them that 
circular motion with which they [sc. fire and the upper air] are incessantly moved, 
forgetting somehow what Aristotle has said many times, that nothing forcible can last 
a long time. (Besomi and Helbing 1998, 50; cf. Drake, 1967, 47) 

On this interpretation, these movements are not forcible, since they are not contrary 
to the elements’ natural tendencies (see note 55, below). 

53 They are discussed in Hankinson (2003). 

54 On this, see Hankinson (2009). 
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Simplicius’ distinctions of terminology (even if he had simply used the 
phrase ov xata qvow for unnaturaly). But terminological inexactitudes 
of this sort are surprisingly common for a philosopher of Aristotle's (often 
justified) pretensions to rigor; and a partial reason (if not an excuse) for 
it in this case may derive from the broad range of meaning of the Greek 
preposition “aoa, which may as readily mean “alongside” as “against” 
(a distinction which neatly parallels the ambiguity in question). 
Consider the case of De caelo 1.2, 269b3-10 (T6 above), where Aris- 
totle holds that it would be “bizarre and downright absurd” if the only 
continuous and potentially (indeed for him actually) eternal motion was 
unnatural for the thing moving thus, “for in other cases the unnatural 
motions are evidently the ones which are the most quickly destroyed.” 
Here the requisite sense of “unnatural” seems clearly to be unnatural: it 
is only when something is actively fighting against the movement that it 
is undergoing, i.e., when it is being constrained actively against its nature, 
that such a state of affairs should have any tendency to rapid dissipation.” 
On the other hand, what follows is apparently grist to the prosecution's 
mill: 
(T17) Consequently, if it were fire that moved thus, as some say, this 
motion would be no less unnatural for it than that downwards, since we 


can see that the motion of fire is away from the center in a straight line. 
(De caelo 1.2, 269b10—13) 


The contention that circular motion would be just as unnatural for fire 
as downward motion is can only be true for the unnaturaly sense of 
“unnatural”: it cannot be a natural motion for it. But if all that Aristotle 
is seeking to prove here is that fire cannot move naturally in a circle 
(relying on [H4]), this would not matter (except from the point of view 
of terminological infelicity): if fire does move in a circle, it does so not 
according to its nature; hence, there must be something else, whose 
nature it is, which is moving it (page 106, above).*° 


55 Thus, if this is correct, Galileo's point (note 52, above) against the Aristotelians is 
misplaced. 

56 But see De caelo 3.2, 300a20-27: each body has many unnatural motions. This is 
an unsatisfactory argument designed to show that every body must have one natural 
motion; since things evidently move, and they do so either naturally or unnaturally; but 
if unnaturally, forcibly, and if forcibly, against their nature. It is harder to see how this 
can be acquitted of trading on the equivocations mentioned. This passage is mentioned 
by Leggatt (1995) 179, to show that Aristotle did on occasion incline to the sense of 
unnaturaly. 
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Much the same seems to go for the following argument from chap- 
ter 3: 
(T18) (a) It is impossible that the body which moves in a circle should 
have either weight or lightness, since it can move towards the center or 
away from the center neither naturally nor unnaturally. (b) For natural 
movement in a straight line is not possible for it, since there is one (natural 
movement) for each of the bodies, and so it would itself be one of those 
which move in one of these ways. (c) But if it moved unnaturally, then 
if the downward movement were unnatural, upward movement would be 
natural; and if the upward were unnatural, the downward would be natural. 
For we laid it down that, in the case of contraries where one of them is 
unnatural, the other is natural. (De caelo 1.3, 269b29—270a3) 


It seems as though T18 seeks to show that the heavens cannot move either 
upwards or downwards at all (Aristotle certainly takes that to be the case). 
But that should only follow if the disjunction in (a) is indeed exhaustive 
and, hence, that “unnaturally” is taken in the broad, inclusive sense 
as “unnaturallyy.” But the contentions of (c) only work if “unnatural” 
is construed as “unnatural-”—for it is only in this sense that the fact 
that the body has a particular motion unnaturally (whether upwards or 
downwards) entitles us to conclude that its converse would have to be 
natural for it (by the contrariety principle) and, hence, that it would have 
to be per impossibile one of the sublunary bodies. 

But once again, this is too quick. Aristotle is not trying to establish 
here the general conclusion that the aether cannot move up or down at all 
(although he certainly accepts it), but only that it has neither weight nor 
lightness. For if aether did, it would have to have either motion upwards 
or motion downwards as one of its natural motions; but then it would 
be one of the sublunary elements—“heavy” and “light” just mean having 
these intrinsic motile tendencies (De caelo 1.3, 269b20—26; cf. De caelo 
4.1). Thus “unnatural” in (c) may perfectly consistently be interpreted as 
having narrow scope. 

But what about the conclusion a few lines later that “it cannot be 
moved in respect of place by being violently impelled either up or down, 
since it can move neither naturally nor unnaturally with any motion 
foreign to it” (270a8-11)? Again, it looks as though this is supposed to 
be a blanket prohibition on its moving up or down at all—and if that is 
supposed to be arrived at by argument, then the argument does indeed 
trade on an equivocation. But if all that is being said is that, if it does 
move up or down, then it does not do so either by force or naturally, then 
the argument can once again be read consistently (albeit at the expense 
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of making its conclusion weaker).°’ It is not clear, here, whether defence 
or prosecution has the better case. 


5. Xenarchus' objections, Simplicius’ replies 


Xenarchus thought that the argument of T18 and the others canvassed 
were designed to show on purely logical grounds that none of the sub- 
lunary elements could be such as to move naturally in a circle, since, if 
they did so, one thing would have to have more than one contrary— 
ie. one unnatural motion (downwards, say, if it is fire) to two dis- 
tinct natural ones (upwards and around). I reject that reading of the 
argument. But even though on my interpretation T18 is not designed 
to supply an argument for [H4], it none the less depends on it. How- 
ever, 
(T19) Xenarchus objects ... to the dictum that for one thing there is one 
contrary. For he says, (a) it is easy for people to move fire forcibly along a 
line of any form whatever, be it simple or complex. "And we say, he says, 
"(b) in the ethical treatises too that there are two opposites for each of the 
virtues, e.g., wickedness and ingenuousness to prudence, over-confidence 


and cowardice to courage, and similarly with the others.” 
(apud Simplicium: Heiberg 1894, 55.25-31) 


(a) apparently rebuts Aristotles arguments construed as claiming that 
there is no way for fire to move in a circle at all (i.e., in the manner of 
my prosecution); while (b) takes us back to the principle of contrariety. 
Simplicius is not impressed: 


(T20) It should be said against (a) that it is necessary that the unnatural 
motions too be proper to each; for these too exist by nature and not as 
a result of contrivance ... . Moreover, what is unnatural must be such as 
to be natural for something else. In regard to (b) (it should be said) that 
since each of the virtues is a balance, the two (opposites) to each of them 
are opposed as a single imbalance to a balance. And in fact while one is 
excess, the other deficiency, common to both is imbalance. 

(Heiberg 1894, 55.31-56.7) 


As regards (a), Simplicius simply asserts that by “unnatural” Aristotle 


means the determinately counter-natural motions (i.e., those which are 
unnaturalc); they are “by nature" since the nature of the body in question 


57 Tim O'Keefe ingeniously suggests that Aristotle may simply be assuming that it 
cannot be moved unnaturally because there is nothing in contact with it to force it to 
move unnaturally. But that does not square well with the argumentative content of T18. 
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actively resists their imposition; and he evidently supposes that Aristotle 
endorses the proposition (see 269b3 3-34, (G2); section 3, above). 

The reply to (b) is more interesting, however, and takes us back to 
the distinction between types of contrariety discussed earlier (T7 above). 
Simplicius allows that Xenarchus is right to hold that Aristotle is com- 
mitted to there being a sense in which the extremes are opposed to the 
mean. Indeed, Aristotle explicitly says as much at Phys. 5.1, 224b30- 35.7? 
Moreover, and more immediately germanely to our subject, at Cat. 14, 
15b1, he remarks that rest is the contrary simpliciter of motion; but of 
course there are contrarieties within the domain of motion itself. This 
suggests that there may be a sense of generic contrariety such that there 
can be a contrary to a genus which is itself composed of two contrary 
species, arranged as it were orthogonally to it. This is compatible with, 
although distinct from, Simplicius example, where rashness and cow- 
ardice are contraries to one another on the continuum of confidence in 
the face of danger, while both together, qua departures from the mean, 
are the contrary to courage as imbalance is to balance (Heiberg 1894, 
56.9-11). 

Simplicius’ reply takes the form of insisting that, properly understood, 
these generic contrarieties do not compromise the contrariety principle 
[H5]. Courage as such is not contrarily opposed to cowardice; so it is not 
the case that there are two distinct contraries, courage and cowardice, for 
rashness. 

Even so, as Xenarchus points out, 


(T21) If these things are true, it is not necessary for the heaven to be of 
a fifth body on the grounds that two things cannot be opposed to one, 
the circular (motion) of the fire and that downwards or upwards.°? For 
the upward is opposed to the downward as excess to deficiency, while that 
which is common to both, namely, the rectilinear, (is opposed to) circular 
(motion) as imbalance to balance. 

(apud Simplicium: Heiberg 1894, 56.12-17) 


58 Cf. Top. 4.3, 123b27-30: “there is an objection, namely, that deficiency and excess 
are in the same genus (for both are in the genus of evil) while the moderate, being 
intermediate between them, is in the genus not of evil but of good” The objection is to 
the general claim just enunciated that “the intermediates are in the same genus as the 
extremes” (123b25-27), e.g., that the various shades of grey are intermediate between 
black and white. 

5° Heiberg’s text reads, “the circular (motion) of the fire and that downwards to that 
upwards,” which cannot be right. An alternative solution would be to read “the circular 
(motion) of the fire and that upwards to that downwards.” But Simplicius’ response (T22, 
below) favors the version I give (see Hankinson 2002, ad loc. for further details). 
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So Xenarchus here adopts the sort of analysis urged by Simplicius in 
T20. Simplicius, however, rejects this too: 


(T22) While what he says here is elegant, I do not think that it relates to 
the contrariety as stated by Aristotle. For he does not oppose (motion) 
upwards and downwards to that in a circle, but rather the circular and the 
downward to the upward. But in regard to the supposition which says that 
it is fire which is carried in a circle, given that he says that (the motion) 
of the fire here has the structure of something which naturally moves 
upwards, it is not absurd for Aristotle to say that circular motion is no less 
unnatural for it than downward. And this is how he previously opposed 
them. So, since two things are reasonably taken to be unnatural for each 
natural, he concludes that there are two opposites for a single thing, 
(Heiberg 1894, 56.17-25) 


—which contradicts [H5]. But Xenarchus contention calls for a little 
more analysis. 

Simplicius argues that, if there are two natural motions for fire (circular 
and upward) but only one unnatural motion (downward), there will be 
two distinct contrary states opposed to one, but not in the manner exem- 
plified by the oppositions of the ethics. That is, it will not be an exam- 
ple of a genus, itself containing two contrarily-opposed polar opposites, 
being itself opposed in toto to some contrary. Rather, Simplicius urges, 
we will have to take circular and upward motion, ex hypothesi the natural 
motions for fire, and oppose them together as a an ensemble to downward 
motion. This does indeed look awkward, since circular motion does not 
seem to be opposed to downward motion in the same straightforwardly 
topographical manner as upward motion is. 

But Xenarchus (as Simplicius objects) explicitly rejects that form of 
opposition in T21. Rather, we are to oppose upward to downward motion 
in the standard Aristotelian fashion as contrary opposites determined by 
what is natural and unnaturalc for fire in its incomplete state. Then, that 
set of motions which are appropriate only to fire in its incomplete state are 
in turn to be opposed, as generically unnatural if you will, to the natural 
circular motion of fire in its complete, actual condition. If this is right, 
rising and revolving are natural for fire in different senses (or rather for 
different senses of “fire”)—but that is a strength (from an Aristotelian 
perspective) and not a weakness of Xenarchus treatment. © 


$? Xenarchus’ position is also compatible with Aristotles strictures in T12 above. 
When looking for the contrary of something, see if the genus of which it is a species 
has itself a contrary. If it does, the contrary species should be in the contrary genus. If 
it does not, then it must be within the original genus. The sort of case that Aristotle has 
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We may conclude that, no matter how precisely the crucial and con- 
troversial components of these arguments are to be interpreted, Aristotle 
does not have a knock-down argument derived from his own concep- 
tions of contrariety against fires having (in certain circumstances) a nat- 
ural tendency to revolve. But on the other hand, it seems that Xenarchus’ 
argument does indeed allow that in a sense the revolving body is dif- 
ferent from any of the sublunar four: for it is fire in a state of complete 
actuality. Aristotle's principles, then, will not (in concert with empirical 
evidence) yield the conclusion that the revolving body is utterly distinct 
in type from any of the sublunar four;*! but they do show (if of course 
they are acceptable) that it must be different in form from them in a non- 
trivial sense. In a way, then, Aristotles conclusion (G8) may be allowed 
to stand. 


6. No contrary to circular motion? 


With this in mind, let us finally—briefly—turn to the arguments mount- 
ed by Aristotle in De caelo 1.4 in favour of the view that there is no 
contrary to circular motion. For here Aristotle himself makes use of the 
opposition between straight and circular: 


(T23) That there is no other movement contrary to circular movement one 
may confirm in a variety of ways. First of all, we state that the rectilinear 
is most opposed to the circular, since concave and convex seem to be 
opposite not only to one another but also to the straight, when they are 
taken together and as a unity. Consequently, if anything were contrary to 
it, rectilinear motion necessarily would be particularly contrary to circular 


in mind is that of justice (Top. 4.3, 123b8-38): it is a species of virtue and its contrary, 
injustice, is a species of vice. But vice and virtue, the genera, are themselves contraries. 
But the case of motions is not on all fours with this: even if the straight and the circular 
are opposed, upward and downward are not themselves opposed in such a way that one 
is a restriction of the straight and the other of the circular. 

61 As noted at the outset, he has other reasons for holding this as well. The heavens are 
apparently eternal and unchanging and, hence, should be composed of stuff whose nature 
it is not to change. But fire, even completely actualized fire, will still retain its capacity for 
inter-transmutation into the other elements (De caelo 1.3, 270b1-26). See also De caelo 
1.10-12, Aristotles extended argument for the eternity of the world. One of the major 
contentions of this argument is that Platos Timaeus view of a world which was created 
but which will remain undestroyed by divine fiat (although in principle destructible) 
is incoherent, since it entails supposing that something can possess a genuine capacity 
which is unactualized for an infinite time (see Hankinson and Matthen 2009, ad loc.; 
Waterlow 1982). 
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motion. But the rectilinear motions are opposed to one other in regard to 
place, since up and down is both a difference and a contrariety of place. 
(De caelo 1.4, 270b32—271a5) 


The argument is a type of modus tollens. “The best possible candidate for 
contrary to circular motion would be rectilinear motion. But rectilinear 
motion cannot be contrary to circular, since it already contains its own 
contrarieties. Hence, circular motion has no contrary.” It is easy enough 
to see how Xenarchus would handle that argument consistently with the 
views expressed in T19 and T21; but we may allow ourselves a refinement 
of it. If circular movement (in any direction) is generically the contrary 
of rectilinear movement (in any direction), then motion clockwise and 
anti-clockwise should be the specific contraries within the one genus, 
answering to upward and downward in the other.” 

Aristotle is quite well aware that the natural candidate for the contrary 
to circular motion in one direction is circular motion in the other; and 
he is no less aware that his preferred model of the universe, the nested 
spheres of Eudoxus and Callipus, require there to be counter-rotating 
spheres. Indeed his own physical realization of the system, sketched in 
Meta. 12.8, needs even more of them, and precisely in order to coun- 
teract the motions of the original spheres. None the less, he feels con- 
strained to argue that, strictly speaking, anti-clockwise motion is not 
contrary to clockwise motion (De caelo 1.4, 271a5-22), for contrariety 
of motions is determined by their having opposed starting and end- 
points; but motion in a circle is always both from and to all of the same 
places (271a19-28). But while it is of course true that (complete) circular 
motions in either sense touch all of the same points, they do not do so 
in the same order; and it is easy enough to devise an ordering measure 
which will distinguish between them.™ 


62 Cf. T12 and note 60, above. 

$$ He adduces other considerations too, some of which are not easy to disentangle 
(see Hankinson and Matthen 2009, ad loc.). But their obscurities need not concern 
us here. Note that at Phys. 8.8, 262a8-12 he appears to say that motions in opposite 
directions along a circular trajectory are contraries. However, at 264b10-17 he qualifies 
this by saying that these motions are opposite (àvtixeiueva) and not contrary (&vavrío), 
presumably since contraries in this sense are determined by their having opposing 
termini at a maximum distance from one another (so Ross 1936, 716-717). 

9^ It can be done with materials that Aristotle himself provides. At De caelo 1.4, 
271a19-22, Aristotle writes, “And not even the circular movement from A to B is contrary 
to that from A to C; for the motion is from the same (point) to the same (point), while 
contrary motion is that from one contrary to the other? But the first motion takes the 
points mentioned in the order A B C A, while the second takes the in the order A C B 
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This raises the obvious question: Why should Aristotle be so con- 
cerned to abstract circular motion from the realms of contrariety? The 
answer to that is to be found not in logic or mathematics, but in physics. 
The final considerations of De caelo 1.4 are physical—and metaphysical— 
in nature: 

(T24) If circular movement is contrary to circular movement, one or other 
of them will be to no purpose ... for if they were of equal strength, there 
would be no motion for them, while if one motion prevailed, the other 
would not exist. Consequently, if one of them exists, the other body would 
be pointless and would not move with the motion proper to it. For we 
would say that a shoe for which there was no wearing was to no purpose; 
but god and nature do nothing to no purpose. 

(De caelo 1.4, 271a22-33) 


The idea behind this is that for motions to be genuinely contrary, they 
must not just tend in opposite directions: they must have a tendency 
to impede one another in the manner in which an admixture of heavy 
elements impedes the tendency of light ones to rise (cf. T5(a) above). 
But if that applied to the celestial bodies, it would involve a waste of 
effort. Aristotle is clearly here examining the supposition that one and 
the same heavenly body (celestial sphere) could be composed of distinct, 
distinctly-tending elements, fighting it out, as it were, within it, which 
surely would be a messy and uneconomical way of building a universe. 
It is a further question why one should suppose that the universe will be 
economically constructed. Aristotle, or so I believe, takes the “nothing 
to no purpose" principle as a highly-confirmed empirical hypothesis 
regarding the workings of the world. But discussion of this lies beyond 
the scope of this paper. 

What emerges from this is that Aristotle does not suppose that the 
counter-moving spheres of a Eudoxan-style system are opposed, pre- 
cisely because none of them has any tendency to impede the motion of 
any other. Of course, the resultant motions of the planets will be com- 
plex vector-sums of the various compounded motions; but each of the 


A. Thus, for the first, A is invariably the immediate predecessor of B, B of C, and C of A; 
while for the second, B is the immediate predecessor of A, C of B, and A of C. Of course, 
this can be generalized for any number of points. 

65 That nature does nothing in vain" is a constant refrain of Aristotle’s; but this is the 
only occasion upon which god gets equal billing with nature. See Hankinson and Matthen 
(2009) ad loc. 

$6 Congruent issues surface in connection with the supposed desiderata of elegance 
and economy in theory-construction. Why should Ockham Razor be a prerequisite for 
any well-groomed theory? 
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motions in and of itself continues perfectly smoothly, and without fric- 
tion. And in this sense they are not contrarily opposed. 

At this point, one might wonder why Aristotle could not simply have 
distinguished between different sorts of motive contrariety, between a 
general contrariety of direction (in which the clockwise spheres can be 
said to move contrariwise to the anti-clockwise ones) and contrariety of 
opposition, which is foreign to the revolving body (or bodies). That is all 
he needs: and it is perfectly compatible with his physical considerations. 
But here, finally, it is worth once more considering Aristotles overall 
aim in all of these arguments. He is out to show that the heavens are 
totally different in essence from the elements of the terrestrial world: 
the latter are in a constant turbulent state of inter-transmutation, growth, 
diminution, change, and decay. The heavens, by contrast, simply continue 
for ever on their serene path. The important thing is to remove the matter 
of the heavens from any possibility of change and, hence, generation and 
destruction; and that is to be done by insisting that they are not composed 
of parts with conflicting, mutually destructive tendencies. It is in this 
sense—the most important sense—that they cannot exhibit contrariety. 


7. Conclusion 


I hope that it has emerged from the foregoing that the concepts Aristotle 
deploys in his argument for the fifth element need not be supposed to 
be radically ambiguous and equivocally deployed. In particular, Aristotle 
need not be found guilty of confounding two quite distinct senses of 
AEG (Qlow in order to take advantage, whether advertently or not, of 
the power of one and the plausibility of the other. 

And yet the suspicion remains that, even if it can be shown that 
Aristotle was not seriously confused, none the less he may still have 
had less than a secure grip on the concepts in question. And even if the 
arguments of the defence in favor of a generous understanding of T15 
find favour, it is hard to resist the conclusion that the similar manoeuvres 
undertaken to buttress T13 succeed only at the considerable expense of 
rendering the argument in its context irrelevant. It is not that no good 
Aristotelian argument (in the sense of one which consistently applies 
consistent Aristotelian theses) can be found here: it can.°’ But it depends 


$87 Tt is supplied above at page 102 ff. 


CONTRARIETY AND THE ARGUMENT FOR THE ELEMENTS 117 


on a consideration of the uniqueness of fires natural upward movement 
(and so if it moves in a circle, something else is moving it), which 
makes the detour through the consideration of the impossibility of fires 
unnatural circular motion redundant. The best the defence can do here 
is to point to the principle invoked by Galileo (note 52) that for Aristotle 
unnatural processes cannot be extended without end; and to the notion 
that if fire really were being moved contrary to its nature, it would be 
exerting a constant retarding effect on the circular motion, a retarding 
effect which would not have any point to it. 

But that, crucially, is not what Aristotle says in the context of T13;9? 
and one surely would expect him to have done so if the argument was 
indeed intended to be taken in the manner the defence suggests. In 
summation, then, a good Aristotelian case can be made (and to some 
extent was made by later Aristotelians) for there being a consistent and 
philosophically interesting construal of these arguments and of their key 
concepts. Whether, or perhaps rather to what extent, it is reasonable to 
think that Aristotle himself had it all straight is a good deal less clear— 
and those are questions I leave for you, the jury. 
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WHY DOES EARTH MOVE TO THE CENTER? 
AN EXAMINATION OF SOME EXPLANATORY 
STRATEGIES IN ARISTOTLE’S COSMOLOGY 


MOHAN MATTHEN 


1. Introduction 


Why, and how, does earth move to the center of Aristotles universe—the 
Totality, as he calls it? In a famous passage in Physics 4.1, Aristotle says: 


The movements of the simple natural bodies, like fire and earth and their 
like, not only show that place is something, but also that it has some power. 
For, if it is not impeded, each body moves to its own place, one above and 
the other below. (208b8—12) 


The thesis is that something about the movement of earth and fire to their 
proper places shows that place has power, and exists. 

In an important article, Peter Machamer argued that Aristotles state- 
ment had almost uniformly been misconstrued as implying that there is 
some sort of attractive power of the place on the moving element” (1978, 
377). This cannot be correct, Machamer points out, for a little more than 
half a page on, in the same chapter, Aristotle says: 


Of what could one make place a cause? None of the four causes is present 
in it: it is not a material cause of existent things, for nothing is made of it; 
nor is it a form and definition of things; it is not an end; it does not change 
existent things. (Phys. 4.1, 209a19-22) 


If a place affected a moving body either in the way that the military leader 
exerts an attraction on his followers, i.e., by conducting himself in a way 
that they wish to emulate (cf. Meta. 12.10, 1075a11-24), or in the way 
that a gravitating mass does in Newtons theory, then clearly it would be 
a final or efficient cause. Aristotles statement above implies that place is 
not like this. 

How could it be? For Aristotle, a thing's place is "the innermost mo- 
tionless boundary of what contains it" (Phys 4.5, 212b20-21). Places are 


* University of Toronto. 
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defined relative to things in his system. This leads to two problems of 
interpretation so far as our present passage is concerned. Firstly, what is 
the thing that contains the proper place of earth and of fire? Secondly, 
how does the boundary of this thing act on earth or fire? To our way 
of thinking today, a two-dimensional surface cannot exert an influence 
all by itself—it has no mass and no other power by which to exert 
an influence. Only the thing to which this surface belongs can act on 
something else. Does Aristotle have a different view?! And if so, is it 
coherent? Machamer says: “What is needed is an account of the power 
of natural place which is somehow not causal” (1978, 378). This may be 
right in some sense, but it leaves us with the problem of what Aristotle 
means when he says that place has some power. One might add that we 
need also to validate Aristotles inference that place exists. 

These questions are important for a proper understanding of the the- 
ory of elements laid out in the De caelo. For in this work, one of Aris- 
totles main concerns is the investigation of the elements and their natu- 
ral motions. My purpose here is to investigate the structure of Aristotles 
account, with particular reference to the problem stated in the title: what 
is the proper account of how earth moves by nature to the center? I shall 
try to show how Aristotles notion of natural place can best be understood 
in light of some of his ideas about how the Totality is to be defined. 


2. E-change 


To a mechanist, movement is a fundamental and unified kind of quantifi- 
able change. In the differential calculus, the foundational mathematical 
treatment of change in classical mechanics, movement is defined as the 
first derivative of position with respect to time. On this way of thinking, 
circular motion belongs to the same broad category as linear change. To 
an extent, this is true for Aristotle as well (cf. De caelo 1.2, 269a2-4). 
But for him this category cross-cuts with another distinction that is vital 
for our purposes. From the point of view of this other distinction, circu- 
lar and linear motion are fundamentally different from one another, and 
each is grouped with other kinds of change. 

The heavenly body rotates; fire and earth move in straight lines up- 
wards and downwards. In our mechanistic understanding, both move, 


! Seemingly he agrees: see De caelo 3.7, 306a20-22, and Bolton (2009), section 2. 
gy 5 
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though on different kinds of paths. For Aristotle, however, there is a 
major difference between these movements. Circular motion of an 
extended body in place is not a change of place (De caelo 1.9, 278b30), 
for the “innermost motionless boundary of what contains” a rotating 
thing—its place—does not change; moreover, when that thing is spher- 
ical, it is always contiguous with that boundary. An important conse- 
quence of this is that circular motion is not motion to a place. As we 
shall see in a moment, something that moves to a place stops moving 
when it gets there. The heavenly body never stops; its activity is tempo- 
rally homogeneous—at any given moment, it is in the same state as at 
any other moment.’ In this respect, circular motion is not a process by 
which the potentiality to be somewhere is actualized. Rather, it is an actu- 
ality (€végyeia). It imitates God's actuality, as does also the contemplative 
or theorizing activity of the human intellect, which, for us, is the high- 
est good. Circular motion belongs, therefore, to a class of homogeneous 
activities that encompasses other things than motion. 

The linear motion of earth and fire are, by contrast with actualities, 
end-oriented. In Aristotle’s scheme, end-oriented change (or e-change) 
has a terminus.’ For Aristotle, e-change is a passage from the lack of some 
quality F to the possession of that quality F. Consider natural change. A 
thing x that is naturally F, but not actually F (because it is impeded from 
becoming F or because it is immature and still progressing toward F), will 
possess a potentiality to achieve its natural state, F. (The terms “potential- 
ity,” “power,” and “tendency” will be used interchangeably here.) 

Let Po(F) be x’s potentiality to achieve the static condition, F. In 
virtue of Po(F), x will also possess a further potentiality Po(towards F) to 
undergo a certain process: for in order to achieve the static F-state it must 
first leave its non-F state and traverse the points that are qualitatively 
or quantitatively intermediate between this non-F state and the F-state 
that is natural to it. Po(towards F) is the dynamic potentiality for change 
or process. When x gets to, or becomes, F, it ceases to be in process; its 
impetus to change is exhausted. Something that is F no longer has the 
potentiality to undergo the process of achieving F, except in so far as it 
has a potentiality to be displaced from the F-condition. 


2 This is, of course, false on the definition of motion just sketched from the differential 
calculus, since each particle of a rotating body changes direction at all times, from which 
it follows that its state of motion is in constant change. 

> The expression “e-change” coincides roughly with a technical use of xivyotc in Aris- 
totle, Phys. 3.1, which contrasts with the use of évégyeta. in Meta. 9.6. But Aristotle does 
not always use xivqot in this way; sometimes, he uses it in the way we use “movement.” 
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It is the distinction between Po(F) and Po(towards F) that Aristotle 
has in mind when he says that “alteration is the actuality of the alterable 
qua alterable” (Phys. 3.3, 202b25-26). Since the actuality of x qua Po(F) 
is the static condition F, change (or alteration) must be defined as the 
actuality of x qua tendencies like Po(towards F). The latter is actualized 
when impediments to change are removed, or when x comes into contact 
with something that imparts to it an impetus toward F. Po(F) is actualized 
when something gets to F and is no longer changing. The potentiality for 
process toward F is causally subordinate to, and properly understood in 
terms of, the first potentiality, viz., the tendency to be in the F-state, where 
F is the end-point of change. 


3. E-change and the movement of earth 


Aristotle's framework for understanding the natural motion of earth 
is best understood within this schema for e-change. Consider first the 
terminus. He identifies earth (the element) as 


(A) that which is at rest at the center of the Totality.* 


This is the being or form of earth—it is what makes earth what it is. When 
they get to their natural places, the sublunary elements actualize their 
form. “To be in a certain place, i.e., up, is the actuality (évégyeun) of the 
light” (Phys. 8.4, 255b11); earth for its part actualizes its form by being at 
the center. To be in a certain place is, or at least is some part of, what it is 
to be earth. (It is also part of the form of earth that it is cold and dry—De 
gen. et corr. 2.3, 330b5.) 
And now the associated e-change: 


(B) Earth moves toward the center if it is not impeded. 


The natural motion of earth follows from (A), i.e., it is a consequence of 
the form of earth, but not part of this essence.” The form of earth is static; 
its natural motion is a realization of this static essence. 


4 Cf. De caelo 2.3, 286a20—21. 

? [n contrast, Gill (2009, p. 144 n. 10) takes the view that the actuality is “dynamic.” 
"[A] thing is most actual when it is acting according to its nature. What needs to be 
explained is why things stop moving, not why they start; she says. It should be noted that 
the dynamic interpretation cannot be extended to the natures of living things. A human 
being is most actual when mature, not when it is developing. There is no need to explain 
why a child stops growing once it has attained maturity. It stops because it has attained 
its form. 


WHY DOES EARTH MOVE TO THE CENTER? 123 


Earth is heavy, Aristotle keeps saying. What does this mean? Aristotle 
consistently defines the heavy in terms of natural motion to the center 
(De caelo 1.3, 269b23; 4.1, 307b32; cf. Gill 2009). This means that earth 
is heavy in virtue of (B), not (A), and that heaviness is not its form, but 
rather the innate source of movement that follows from its essence by 
the Po(F)/Po(towards F) inference explained in section 2. Sheldon Cohen 
(1994) captures the thought well: “The change that restores it to its natural 
condition of stasis is natural in following from an intrinsic principle of 
rest” (156-157). 

A clod of earth that is displaced from the center possesses a natural 
potentiality Po(at the center), which is actualized when it is stationary 
at the center. This corresponds to (A) above, the form of earth. But this 
stationary condition can be actualized only if it participates in a certain 
process; it must leave its non-central position and traverse the points that 
lie between this initial position and the center. Thus, it will possess a 
natural tendency, Po(towards the center), to actualize its form by moving 
to the center. This corresponds to (B). It is particularly important to note 
that this power of motion, Po(towards the center), is activated only when 
an element is not in its natural place. When it occupies that place, its 
nature is to stay there: for as Aristotle emphasizes in Phys. 2.1, nature is a 
cause both of movement and of rest. Heaviness is part of earth's nature— 
and a thing’s nature is its source of motion. It is important here not to 
conflate nature and form or being. 

This is the point made in De caelo 4.3: "The account of a thing being 
borne to its proper place is similar to that of other comings-to-be and 
changes” (310a20-22). “Each thing borne to its own place is borne to its 
own form” (310a34-b1). And later: 


When air comes to be from water, that is, light from heavy, it moves toward. 
the upper place. The moment it is light, it is no longer becoming light but 
is in that place. It is evident, then, that it moves while it is potential and 
progressing toward its actuality there, and toward the quantity and quality 
proper to its actual state. It is by the same cause that what already is and 
exists as earth and fire moves towards its own place, unless something 
prevents it. (De caelo 4.3, 311a1-7) 


The idea expressed in the third sentence of this passage (italicized above) 
is complicated by the fact that Aristotle is thinking of evaporation—water 
actually changing into air as it moves upward. Thus, part of his point is 


$ Cohen (1994) thinks that in order to accommodate Aristotle's thought that the 
elements are not self-movers, one must identify nature and essence. I am sceptical. 
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that water is potentially air, and potentially possesses airs natural capacity 
to rest in an upper place. This would be to attribute an iterated potentiality 
to water—a potentiality to acquire a potentiality. However that might be, 
he is clearly saying that air's potentiality is actualized when it achieves its 
proper place, whether that state is being in a particular place (as in the 
case of an element displaced from its natural place), or having a certain 
quantity or quality (as in the case of water that is in the process of being 
transformed into air). 


4. Doubts about the dynamic interpretation 


Suppose for a moment that the static interpretation proposed in the 
previous section—the idea that the form of earth is its static condition 
at the center—is mistaken. Suppose that, as many commentators have 
contended (recently Benjamin Morison (2002) 51-53, and now Gill in 
this volume), earth is defined by the dynamic principle of movement 
toward the center, not by the static principle of rest there. How then 
would we explain the immobility of earth at the center? Gill asserts (2009, 
notes 7 and 10) that earth is held in place at the center by the many bits 
of earth vying for that place. It is at rest "not because it is programmed 
to stop, but because its downward progress is impeded by clods of earth 
approaching from other directions or by the large ball of earth already 
there? The problem with this, as I see things, is that it is not clear why a 
clod of earth held in place would be in natural rather than imposed rest. 
Like a car on the Don Valley Parkway—apologies for a Toronto joke— 
earth is immobile because other things crowd in, not on account of an 
innate principle. 

The case of fire is slightly different. Gill (1991, 261) is right to say, "Fire 
is not programmed to stop at the periphery—it would proceed upward 
indefinitely if it were not confined by the sphere of the moon" (my empha- 
sis). Here, the periphery she is talking about is that of the sublunary 
sphere. Fire is supposed to go to the periphery of the universe, but since 
the heavenly element occupies that spot, fire is prevented from going all 
the way out. Still, this does not argue in favour of a dynamic interpreta- 
tion of the elementary essences. In her contribution to this volume, Gill 
acknowledges (note 10) that fire would naturally rest at the outer extrem- 
ity, if only it could get there. This surely requires a static interpretation. 

There is an interesting complication here because Aristotle says, "the 
heavy and the light are said both simply and relative to something else" 
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(De caelo 4.1, 308a7-8). I take his theory of relative heaviness and light- 
ness in the following way: while each of the upwardly moving elements 
(fire and air) rests at the periphery, and each of downwardly moving ele- 
ments (water and earth) rests at the center, fire and earth have a stronger 
impetus toward these places than their pair-mates.” Thus, if earth were to 
be removed, water would go to the center, but otherwise its path to the 
center is cut off, and it forms a shell around earth. Thus, I do not see a need 
to distinguish between the natural resting place of water and that ofearth. 

This pairing of sublunary elements makes sense of the treatment of 
book 1, where the basis for distinguishing water from earth and fire from 
air is skated over—the claim in 1.2 is that there are just three kinds of 
simple movement for the elements: away from the center, towards the 
center, and around the center (268b23-24). In my view, Aristotles main 
motivation for positing four sublunary elements instead of two comes not 
from considerations of natural place and natural movement, but from the 
qualitative considerations—four elements are needed to accommodate 
all compatible pairings of hot-cold and dry-wet (De gen. et corr. 2.2). 
The relative heaviness/lightness view is needed in order to bring the 
center/periphery view of book 1 into line with the tangible qualities view 
just mentioned. And it is a bonus that this version of the four-element 
theory explains the oceans being on top of earth. (On the other hand, fire 
is not observed in the upper region, but seems rather to be inferred—see 
Meteor. 1.3.) 

Now, it is true that the “static reading” of elementary essences runs 
into patchy waters later in the De caelo. For at De caelo 4.5, 312b3-20, 
Aristotle seems to suggest (a) that the proper place of water is removed 
from that of earth, and (b) that it would nevertheless occupy the center if 
all earth were to be removed. If this were right, descending water would 
rush on past its natural place to occupy the natural place of earth when 
earth is removed. Indeed, it would not stop even there if it were not for 
the fact that it would collide with water rushing in to the center from the 
opposite direction. John Sisko (2002) has argued that this is inconsistent 
with the static reading: since water does not come to rest in its natural 
place in this counterfactual situation, the role of place must simply be to 
define direction. 


7 This shows, by the way, that the place of rest does not wholly account for the motion 
of the elements—the difference between the motion of earth and that of water cannot be 
derived from their natural place. (See Bodnar 1997 on the need for a mixed interpretation: 
however, I argue below that book 4 is not on the same track as book 1.) 
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Sisko is certainly right to say that there is a problem here. But it is 
unclear that the dynamic interpretation does any better with the passage 
he invokes. Gills interpretation (2009) is that the role of natural place is 
to define the direction of motion, and not to provide a resting spot. Sisko 
seems to miss what this implies for Aristotles conception of direction: 
“up” and “down” are not defined in “absolute space”; instead, they are 
defined relative to a place. And this implies that, in the passage we are 
discussing, water would be moving in a contra-natural direction after it 
has passed its natural place. It continues to move in the same straight line, 
but it does not move in the same cosmological direction. So it is not clear 
how a separate natural place for water works even on this attenuated role 
for natural place. 

I think it likely that Aristotle stumbled in De caelo 4.5.* But it is also 
possible that his treatment of heaviness and lightness in book 4 is not 
strictly commensurable with the treatment in book 1. I suggested a few 
paragraphs ago that earth is distinguished from water for reasons other 
than to explain motion. This dovetails in spirit (if not in detail) with the 
main suggestion that Robert Bolton makes in his contribution to this vol- 
ume. Bolton argues that Aristotle's investigation of cosmological prop- 
erties is a priori because of the relative inaccessibility of the phenom- 
ena, while his investigation of perceptually accessible phenomena is more 
empirical. It is worth noting that the dry-wet, hot-cold pairing is in terms 
of the “principles of perceptible body" (De gen. et corr. 2.2, 32927). 

Aristotle seems to have different ways of characterizing the elements in 
Boltons two methodological domains. In book 4, he adds to the austere 
doctrine of elements found in De caelo book 1, which is concerned 
with nothing other than the three-dimensionality and finiteness of body, 
and the character of movement and change. The doctrine of elements 


* He certainly seems to stumble when he suggests that heaviness and lightness are 
not symmetric (312b3-10). Because air is only relatively light, it is also heavy to some 
extent. Thus, air will descend to the place of water if the latter is removed. This raises the 
question: Should air not have in it more of lightness than heaviness? Why then would it 
descend, even if there is nothing to support it? The answer seems to be that the relative 
lightness of air does not have the corresponding effect: “air will not move upwards to the 
place of fire if the fire is removed, except by force. Here, Aristotle seems to allude to the 
action of a pipette: when water is released from it, air naturally replaces it from above, 
but force is required to draw water upward into it. The problem is that there is nothing 
in his cosmological principles to support this asymmetry. Thus, the principle seems of 
asymmetry to be introduced speculatively and ad hoc to explain an empirical observation. 
On this point, Bolton’s (2009) “two standards of inquiry"—actually two methodologies— 
clash. 
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presented in De caelo 3 and 4 and elsewhere adds new premises and 
additional principles. These additional principles bring new distinctions, 
and carry less certainty (cf. Bolton 2009). They should not be read back 
into the doctrine of book 1. 

It is possible, then, that when Aristotle talks about natural place in 
book 4, he means something different than what he means in book 1. My 
claim is that in book 1, natural place is a resting place towards which an 
element moves when displaced from it, provided that it is not impeded. 
It is possible that in book 4, he does not have natural motion in mind 
at all. Possibly, all that he means here is that given the weaker impetus 
of water towards the center, it will naturally occupy the region above 
that occupied by earth. This place is natural as a consequence of natural 
motion; it does not define natural motion, either as the static or as the 
dynamic interpretation demands. Notice, by the way, that on this reading 
natural place is a volume or region in book 4 (since a non-zero quantity 
of an element will occupy more than a point), but a point in book 1, since 
the center of the Totality is a point. 

I do not believe that the dynamic interpretation can be sustained: at 
the very least, it takes some fancy footwork to reconcile it with Aristotles 
notion of e-change and the conception of nature as a cause of both 
motion and rest. 


5. The existence of place 


The way of understanding Aristotle's theory recommended above does 
not as yet tell us how place “has a certain power.” What it demonstrates is 
that earth possesses a tendency to move toward the center of the Totality. 
But this is a power that earth has in virtue of its being or essence. In 
section 1, we saw that Aristotle implicitly rejects the two most plausible 
accounts of how place might figure in the natural tendency of an element 
to move there. So it is unclear how the center-seeking tendency of earth 
translates into a power of place. Nor does the account just presented show 
why place exists. 

Let us first address the question of existence. Suppose that a philoso- 
pher X is disinclined to allow that: 


(1) I am in Toronto. 
implies 


(2) Toronto exists. 
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Perhaps X thinks that only material things exist, and that places are not 
material; perhaps, she thinks that place-attributions such as (1) merely 
relate substances one to another. On any such view, X would presumably 
be equally disinclined to think that: 


(3) I have a tendency to return to Toronto whenever I am away (provided 
that I am unimpeded) 


implies (2). Since the mere mention of Toronto in (1) is not sufficient 
to force X to acknowledge the existence of Toronto, the mere fact that 
Toronto is mentioned in (3) should not be enough either. 

Aristotles argument might be taken to address thinkers like X. The 
point might be that earths natural tendency to move to the center shows 
that the center has power and, hence, exists; this would differentiate (1), 
which ascribes no power to place, from (3). Of course, this differentiating 
strategy would work only if (3) implicitly ascribes power to place. On the 
face of it, however, (3) seems to ascribe power to me, not Toronto. It may 
be that Toronto is implicated in my tendency to return, but we still have 
not been given convincing reason to believe that this is so. In other words, 
we still do not know what it would take to get from (3) to an ascription 
of power to Toronto. And the same holds of the center of the Totality. So 
we are missing a part of the puzzle. 

Now, one way of addressing the above argument is to insist that already 
with respect to (1) the place-sceptic X should back down. For it might 
appear that in (1), place is predicated of an underlying subject. In the 
Categories, Aristotle maintains that predicables are among the “things 
that are,” although they depend for their existence on the individual 
substances of which they are predicated. It might seem to follow that, 
as Morison (2002, 80) says, “our practice of saying where something 
is depends on the existence of proper places? If this is what Aristotle 
intended, then his argument from the movement of the elements is not 
meant to differentiate (3) from (1) by showing that (3) implies that 
Toronto has the power to move me. He would simply be adducing (3) 
as yet another context in which we are committed to place in virtue of 
the ontology that he articulates in the Categories. 

This appeal to the ontology of the Categories is misguided, however. 
The reason is that in the Categories place (tomoc) is not predicated of 
substance; rather, where (mov) is predicated of substance. The predicable 
in (1) is not Toronto, but in Toronto (cf. the examples of wheres given 
in Categories 4: in the agora, in the Lyceum). Being in Toronto is what 
characterizes me and the other denizens of this place—Toronto is not a 
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characteristic of us. Similarly, (3) characterizes me in terms of a whither, 
not in terms of a place. This is not to say it makes no sense to speak of 
characterizing substances in terms of places; merely that it is elliptical to 
do so and that there is, therefore, no direct logical route from (3) to the 
power or existence of place. 

Wheres, whences, and whithers are properties of substances: let us call 
them locators. Locators are distinct from places, and so we are back to 
the original problem. The tendency to move to the center is a locator 
predicated potentially of earth—a locator derived from the definition of 
earth. How can we infer from this locator the existence of place? And 
how does it implicate a power belonging to the center? 

Now, the Categories does license a more indirect logical route to the 
reality of place. As we have seen, Aristotle characterizes the place of a 
body x as the innermost motionless surface of the thing that contains 
x. Surfaces, and hence places, fall into the non-substantial category of 
quantity in the Categories (6, 4b24); they, like other non-substantial 
items, exist because they reside in substances. So one might say that 
since places are surfaces, they exist. This has the somewhat surprising 
consequence, however, that my place does not depend on me. For the 
surface that is implicated in (1) is not a surface of me, but a surface of 
“the thing that contains” me. In order to validate the reality of my place, 
we need to look for the substance that contains me. As Aristotle says, “If 
there is a body outside a given body, a body which contains it, then it is 
in place, if there is no such body, it is not" (Phys. 4.5, 212a31-32). 

What is this unique container? The question is important precisely 
because of Aristotle's strategy in the Categories of subordinating the real- 
ity of non-substantial things to that of the substances in which they 
reside. (1) locates me in Toronto. But understood as a piece of land, 
Toronto does not contain me. Only my feet touch this piece of land; 
most of my body is surrounded by air. The geometrical surface that con- 
tains me is partly air and partly earth. Do such heterogeneous surfaces 
exist in Aristotle’s ontology? Of course, it might be that the airy surface 
exists, because it is a surface of a body of air—of the atmosphere, per- 
haps. Equally, the earthy surface exists because it is a surface of a body of 
earth—of the Earth, perhaps, or of Toronto, whatever exists in Aristotle's 
ontology. But does the mereological sum of these surfaces exist in Aristo- 
tle’s ontology? It would if we could call on a single body that contains me, 
which partly consists of air, partly of earth. But it is dubious that Aristotle 
would allow us simply to count just any such assemblage as a full-fledged 
substance; in general, he does not allow that the sum of two individuals 
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is an individual. So it is not as yet clear how the ontological strategy of 
the Categories could be sufficient for recognizing the reality of place. 

Benjamin Morison (2002, chapter 5) has dealt with the question of the 
container in a convincing way. In addition to the above problem with 
Aristotle's theory of place, which is a problem about the existence of a 
container, Morison finds another, which has to do with its uniqueness. It 
seems axiomatic that: 


(4) If y contains x, and z contains y, then z contains x. 


For example, if the sphere of the Moon (y) contains the Earth (x), and the 
Totality (z) contains the sphere of the Moon, then the Totality contains 
the Earth. Thus, while there may sometimes be a smaller individual thing 
that contains a given substance, this smaller thing cannot be the thing that 
contains the substance, since there is always a bigger container, namely, 
the Totality. 

Now, the Totality is a substance (De caelo 1.9, 278a10-15, b3-4; 3.1, 
298a26-31; Meta. 7.2, 1028b9-13; note that the Totality survives the 
pruning of the list of substances at the start of 7.16). And it is, as Mori- 
son calls it, the “maximal surrounder" (2002, 138). Indeed, the Totality 
is the maximal surrounder for everything; for as Aristotle himself says, 
the “common place of all things" is carved out from the Totality, since 
everything is in it (Phys. 4.2, 209a32-33). We can solve the foregoing dif- 
ficulties if we simply took the Totality to be the container that Aristotles 
definition of place demands. The surface that contains me is a surface 
of the Totality, and derives its existence from it. By being located some- 
where, I create a “hole” in the Totality. Or to put in another way, by virtue 
of my location in it, the Totality acquires an interior surface. I reside in 
this hole; I am bounded by this surface; this is my place. The inner sur- 
face created in the Totality by me is, in the ontology articulated in the 
Categories, one of the things that are. This is why (1) implies the reality 
of place. 

Taken in this way, the reality of place is not inferred directly from 
our use of locator predicates. First, we have to factor in what place is, 
and how it determines the application of locators. In Physics 4, place is 
found to be a surface. We know from the Categories that surfaces, being 
non-substantial entities, derive their reality from substances. So we have 
to identify the substance in which place exists. With Morisons help, we 
identify it as the Totality. Only now can we conclude that places exist. 

Note the surprising consequences of this indirect route to the reality 
of place. First, it turns out to belong to the category of quantity, not to the 
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category of where. Secondly, the place of x is not in x and does not depend 
on x for its reality; although it is created in a straightforward sense by x, 
the surface that contains x belongs to x's container. Finally, the place of 
x depends for its reality on the substance that contains x. We have seen 
that this substance is the Totality. Thus, the reality of place depends on 
the reality of the Totality. 


6. The problem of power 


The indirect logical route to the existence of place finds immediate 
resonance in the De caelo. 
Every body in the form of a part is complete by definition, since it has all 
the dimensions. But each is made determinate by contact with what is close 
to it, and, hence, in a way each of these bodies is many. But the Totality of 
which these things are parts is necessarily complete and in every way as 
the name indicates, and not complete in one way but not in another. 
(1.1, 268b5-10) 


In the first two sentences of this passage, Aristotle is talking about bodies 
that are contained within the Totality. In the context (268a6-7), we know 
that bodies are merely entities extended in three dimensions; they have 
no other individuating property, at least not qua body. (Though it is a 
three-dimensional entity, an animal is not individuated by its surround- 
ings, as we shall see in a moment, but by its form. The body of an animal, 
however, considered in abstraction from the animal itself, i.e., merely as 
an agglomeration of material, is individuated by its surroundings.) Bod- 
ies, then, are "made determinate by contact with what is close” to them. 
In other words, these “partial bodies” are delimited by their place or the 
inner surface of the Totality that surrounds them. 

Notice the contrast between two kinds of entity in the last sentence 
quoted above. Partial bodies are complete “in one way but not in another,” 
while the Totality is necessarily complete in every way. The Totality is an 
independent existent; places and partial bodies derive their reality from 
it. Aristotle is alluding here to his belief that bodies have no intrinsic 
unity. “What in the world will make mathematical magnitudes one?” he 
asks at Meta. 13.2, 1077a20—23. “For things in our sensible world are one 
in virtue of soul, or part of soul, or of something else, reasonably enough; 
when these are not present, the thing is a plurality and splits up into 
parts.” The thought he is expressing here is that a body individuated by its 
spatial extent has no strong individuating conditions. Suppose you added 
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a gram of oil to 10 grams of water, with the oil floating on top. Do you have 
one body here or two? The problem is that there is no interesting way to 
answer this question. These things are individuated merely by place, and 
here there are two ways to define places. The place of the water is different 
from the place of the oil, and so we have two bodies. Look at this another 
way: the oil-water mixture has a single place, and so it is one body. Thus, 
the oil is complete in one way, incomplete in another; consequently, the 
entire liquid is one in a way, many in another way. 

Organisms are different in this respect: they are one in virtue of func- 
tioning as a unit—mass added to an organisms body will not count as a 
part of it unless it is capable of participating in the unitary functioning 
of that body. (There is a difference between a piece of meat which I hold 
in my hand and a digested piece of meat: the former is clearly not a part 
of me, and the latter provides material that becomes a part of me.) This 
is what Aristotle is pointing to when he says that living things are “one 
in virtue of soul.” A partial body cannot be considered one in the fullest 
sense, because “it is a plurality and splits up into parts.” And at the begin- 
ning of Meta. 7.16, Aristotle eliminates partial bodies, “heaps” as he calls 
them there, from his Meta. 7.2 list of substances, on precisely the grounds 
that these are neither one nor have sources of self-motion qua being one. 
In this passage, he implicitly leaves the Totality and living organisms as 
the only genuine substances. 

Consider now a weak unity like a clod of earth. It is one only because 
of its spatial continuity within certain boundaries; in other words, it is 
made one only “by contact with what is close to it? Its existence and 
unity depends on something else, its container; for to repeat our earlier 
conclusion, its place resides in something else. Its unity is not traced to 
something intrinsic, such as soul; the clod of earth has no soul. (Another 
reason for denying that clods of earth have soul is that they are totally 
homogeneous—homeomerous, in Aristotles terminology—and cannot 
be divided into soul as agent and body as thing-acted-upon (Phys. 8.4, 
255a15-16). 

The clod has a tendency to move toward the center of the Totality— 
that is, it moves toward the center if it is not impeded. Now, we cannot say 
that the center of the Totality is a final cause for the clod of earth, a place 
to which it is attracted because that place constitutes its own perfection. 
Only things with soul are attracted to a place or to a condition because 
this place or this condition is good, or good-for-them. For it is only for 
things that have soul that there is a good. But as we have seen, weakly 
unified things like clods of earth lack soul; nothing is a final cause for 
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them.’ Nor can we say that the center of the Totality is an efficient cause 
of the clods movement; earth moves toward the center because of what it 
is itself. Having solved the problem of the existence of place, we are back 
to our original puzzle concerning its power, though with deeper under- 
standing of the difficulties that lie in the way of a solution. How does 
earths tendency to move to the center translate into a power of place? 


7. The stability of a mass of earth at the center 


Machamer’s own solution to these problems is flawed from the outset, 
though suggestive and insightful. He points to a rather opaque passage 
in the Physics, which reads as follows: 


That each thing is borne to its own place is in accordance with reason. 
For that which is continuous and touching without force belong to the 
same kind. And things that are naturally together are impassive, while 
things that touch one another affect one another. And, not unreasonably, 
everything stays in its own place. For also a part remains in its place, but 
what is in a place is a divisible part in relation to the whole, for example, 
when one moves a certain part of water or air. (4.5, 212b29-21321) 


Aristotle speaks here of the “parts” of an element, bits of the elementary 
mass residing in a place, for example a clod that is a part of the Earth, 
i.e., not displaced from it. The claim is that since the bits of earth that 
constitute the globe stay together without force, and without mutual 
interaction—they must belong together, and stay together impassively. 
Machamer draws from this the idea that “the power that natural place 
has is the power to make a natural or organic unity among those things 
that are alike by nature” (1978, 379), adding one page later that: “It is not 
that natural place is a form, but rather that an element attains its proper 
form when it is in a natural or organic unity with its like.” Lets call this 
proposal the Organic Unity Schema. 


? Not all commentators accept this constraint on final causation, it should be said. 
Richard Sorabji (1988, 187), for example, claims that natural place is a final cause for 
elementary motion but does not explain how being at the center is good for a clod of 
earth. Keimpe Algra (1995, 208) too thinks that the natural motion of the elements is 
“obviously teleological” He acknowledges (1995, 218n) that Aristotelian final causes are 
for the sake of a good, but pleads that being at the center might be good relative to some 
[other?] substance. It seems to me that while it may well be better for the Totality that 
some earth should be at the center, it cannot be better even from this point of view that 
any particular clod should be so. How then does the center constitute a cause of this clod’s 
movement? 
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The Organic Unity Schema underestimates the role of place. Machamer 
seems to suggest that a bit of earth is impassively at rest simply because 
it is together with other bits of earth, the role of place being simply that 
clods of earth come together there. Aristotle is quite explicit about natural 
place having a role: 

The old saying that "like moves to like” is not true in all circumstances. It 
would not be the case, if one were to remove the Earth to where the Moon 


is now, that individual parts would move toward it: instead they would 
move to where the Earth is now. (De caelo 4.3, 310b1-5) 


The Earth does not stick together just because it is a great homogeneous 
mass of stuff. Removed from its natural place, the “natural or organic 
unity of earth” will break down as all the little clods race to the bottom. It 
is only when it is in its natural place, that Earth is a natural unity. Place is 
part of the explanation why all the bits of earth that constitute Earth stay 
together; mere consanguinity cannot do the trick by itself. 

This said, it must be acknowledged that Machamer’s Organic Unity 
Schema touches on an important principle. To see why, let us examine 
another plausible (but, according to Aristotle, wrongheaded) explanation 
of why Earth is a continuous mass. 

Materialist Schema Consider a clod of earth on the surface of the globe. 
It has a tendency to move toward the center. Why then is it not at the 
center? Because it is prevented from getting there by all the earth between 
it and the center. If it were separated from the surface of the globe by air, it 
would set off toward the center, and come to rest when it contacted the 
surface of the Earth. Similarly if it were on the surface of the ocean it 
would sink. It can get below any other element, but not below other bits of 
earth. This capacity of earth to replace other elements below it results in 
an agglomeration of earth around the center. 


The passage from Physics 4 quoted right at the beginning of the present 
section indicates that this Materialist Schema, which attaches no impor- 
tance to properties of the whole globe, shifting the explanatory burden 
to the stuff out of which the Earth is made, is mistaken. The Materialist 
Schema suggests that only the one clod of earth at the exact center of the 
Totality manages to realize its form. All the other bits of earth are pre- 
vented from getting there. This is at odds with Aristotles claim that the 
mass of earth is impassive when it is at the center; its rest is not main- 
tained by the mutual interactions of bits of earth." 


10 I am inclined to think that the Materialist Schema is similar to Mary Louise Gill's 
claim that pieces of earth stay still because they are vying with other pieces of earth for 
the center. 
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So his claim must be understood in this way: 


Aristotelian Schema | When itis atthe center (but not otherwise) the Earth 
constitutes a stable and impassive unity. 


Parts ofthe contiguous mass of Earth that are not at the center should not 
therefore be regarded as impeded; they are not prevented from realizing 
their form; on the contrary, they do actualize their form. The Aristotelian 
Schema adds the power of place to Machamers Organic Unity Schema; it 
adumbrates—far from transparently—how place is invoked. 

The Materialist Schema is attractive to us, but not to Aristotle. It is 
attractive to us—modern materialists that we are—because it under- 
mines the explanatory value of wholes. Certain large entities—popula- 
tions, ecosystems, states—look as if they are designed as a whole: one is 
inclined to think that in order to explain certain stable properties of these 
large entities, there is no choice but to appeal to autonomous laws with 
specific application to entities of this kind. For instance, the stability of 
ecosystems leads some ecologists to posit laws that apply to these systems 
autonomously, i.e., with no reference to the organisms and environmen- 
tal features that constitute it. 

A common materialist strategy in opposition to such particularism is 
what Robert Nozick (1974, 18-22) calls the “invisible hand”. (He takes 
the term from Adam Smith.) An invisible hand strategy attempts to show 
how the nature of the parts is quite sufficient to explain stable proper- 
ties of the whole; for instance, it might be that these parts tend of their 
own accord to find themselves in certain equilibrium states regardless of 
where they start from—these equilibrium states turn out simply to con- 
stitute the large entities and stable properties that were the object of inves- 
tigation at the outset. Nozick explains the strategy in the following terms: 

Fundamental explanations of a realm are explanations of the realm in 
other terms; they make no use of any of the notions of the realm. Only 
via such explanations can we explain and hence understand everything 
about a realm; the less our explanations use notions constituting what is to 
be explained, the more (ceteris paribus) we understand. (1974, 19) 


The stability of the Earth at the center of the Totality tempts one to 
think that it is meant to be there. The Materialist Schema purports to 
show, from authentically Aristotelian principles concerning the nature 
of the elements, that from any random starting point, earth will tend to 
congregate at the center of the Totality. It thus eschews the explanation 
of the Earths position in holistic terms. It is, in essence, an invisible hand 
explanation. 
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Aristotle emphatically rejects the strategy of the invisible hand in cases 
where the large-scale phenomenon to be explained is stable, a fortiori 
when this phenomenon is eternal. In De caelo 2.1, for example, he rejects 
the notion that the motion of the heavens can be achieved by an external 
mover: eternal motion cannot involve constraint or effort. (He makes 
a related point in De motu animalium 4: earth does not move to the 
center by constraint. See also Phys. 2.4 196a25-b4.) Motion of this type 
requires effort and is contingent upon the will of an external mover; 
eternal motion cannot be contingent since it is impossible that something 
that could cease has never ceased and will never cease (1.12, 283a25). 
States of affairs of this type cannot be “by coincidence or spontaneous”; 
hence, they are “for the sake of something,” i.e., because they are good 
(Phys. 2.8, 199a4-5). 


If nothing that happens by chance or spontaneity could be eternal, and the 
heaven and its circular motion are eternal, by what cause is this motion in 
one direction rather than the other? Necessarily, either this is a principle 
or there is a principle for it. (De caelo 2.5, 287b25—27) 


Eternal things cannot be by chance. The invisible hand makes the large- 
scale phenomenon a matter of coincidence or spontaneity, Aristotle 
believes. (Here he is in bad company: think of modern creationists and 
their arguments against Darwinian explanations.) 

Now, just as the heavens eternally revolve, so also the Earth is eternally 
at the center of the Totality. Aristotle infers that its rest at the center 
cannot be a matter of force, constraint, or material interaction: thisis why 
he thinks that the Materialist Schema is on the wrong track. To explain 
the Earths position merely by reference to the downward-moving and 
center-resting tendencies of earth is like explaining the structure of a 
wall by saying that the heaviest things, the stones, fell to the bottom, 
with earth on above this, and the lightest components of all, wood and 
thatch, finding their way to the top (cf. Phys 2.9, 199b35—200a5)—this 
would be a structurally correct, but obviously inadequate invisible-hand 
explanation. While the principles of motion and rest that this schema 
employs are correct, the eternal presence ofthe Earth at the center implies 
the independence of the principle that the Earth is impassive at the center. 
This is just the Aristotelian Schema stated above. It is a sui generis principle 
with specific application to the Earth and needs to be added to those 
mentioned in the Materialist Schema. (The latter must also be modified: 
the Earth is not held in place by material interactions, but stays where it 
is impassively.) 
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9. Conclusion 


One might think that the Aristotelian Schema renders the strategies of the 
Materialist Schema not just incomplete, but also superfluous, at least for 
the explanation of the position of the Earth. True, we may need to invoke 
the element-potentials of earth, its downward-moving and center-resting 
tendencies, in order to explain why a clod of earth held high falls when it 
is released. But this does not apply to the cosmic order. Once a domain- 
specific higher-level principle has been invoked to explain facts such as 
that the Earth is at the center, that the stars are above, and so on, do the 
element-potentials not cease to play any further role in explaining these 
facts? 

The line of thought just set out misses a central procedural tenet of 
Aristotles holisitic explanatory strategies. Whenever Aristotle posits a 
matter-form analysis of an entity, he also posits a nexus of material causes 
that will achieve and maintain the form (cf. Matthen 1989, Meyer 1991). 
When an architect designs a wall, he desires to build a strong and stable 
structure. So he puts the heavy materials below where they will support 
the mass of building above, and the lighter elements above where they 
will put the least burden on the foundations below. Thus, the explanation 
of the structure wall in terms of element-potentials, the heavy below and 
the light above, is not entirely misplaced: if you put the stone on top, 
it would come crashing downward through the lighter wood. As far as 
the cosmos goes, his point is not that its order is explainable without 
reference to element-potentials, but that any such explanation has to be 
subordinated to principles like the Aristotelian Schema above. 

This is illustrated by his treatment of the rain cycle. He gives a teleo- 
logical account of this process in De gen. et corr. 2.10: it is “the closest 
approximation to eternal being,” he says there. But having understood it 
in this way, he gives an account of the cycle in terms of heating, cooling, 
rising, falling, and so forth both in the text just mentioned and in Meteor. 
1. These actions cannot be understood in abstraction from their role in 
the cosmos, however: they merely manifest the independent principles 
of how the cosmos is arranged and ordered."! 

The element-potentials mentioned in the Materialist Schema play the 
role they play because they serve the cosmic order—the form of the 
Totality. The elements have defined positions relative to the sphere that 


11 Cf the criticism of the Timaeus at De caelo 3.2, 300b17-26. 
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constitutes, and defined movements relative to these positions. These 
higher level principles are defined in terms of place. It is important, 
however, to differentiate between cosmic phenomena in which place has 
power, and those relative to which it does not. Our analysis of e-change 
gives place no power with regard to the actual movement of earth. The 
power of place is manifested rather in the stability and impassivity of the 
Earth at the end of its natural movement to the center. 
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THE THEORY OF THE ELEMENTS IN DE CAELO 3 AND 4 


Mary LOUISE GILL” 


The four simple bodies—earth, water, air, and fire—compose all perish- 
able bodies in Aristotle's universe and are themselves perishable. Either 
separately or in combination, the four elements fill up the entire sublu- 
nary region, the region containing a large mass of earth (the Earth) at 
the center and extending outward to the sphere of the Moon. The region 
beyond the periphery of the sublunary region, stretching outward to the 
sphere of the fixed stars, is filled with a fifth simple body, aether, which is 
imperishable. De caelo 1 and 2 distinguish the superlunary element from 
the sublunary elements, argue for its primacy, and define the main fea- 
tures of the universe as a whole. De caelo 3 and 4 then investigate the 
nature and behavior of the sublunary elements. 

The De caelo is only one of several works in which Aristotle inves- 
tigates the four sublunary elements. They are central to his discussion 
of coming-to-be and passing-away in De generatione et corruptione and 
to his analysis of the composition and dispositional properties of com- 
pounds in Meteor. 4; they figure prominently in all of Aristotles trea- 
tises on natural philosophy and regularly appear on his lists of commonly 
accepted substances (ovotat). We will first consider the special perspec- 
tive Aristotle brings to the elements in the De caelo, where he defines 
them by their weight and lightness, features associated with their natural 
motion. We will then examine his treatment of elemental natural motion 
and end with some observations about how his conclusions about natural 
motion reinforce his rejection of the elements as substances. 


1. The elements in De caelo 
Many of Aristotle’s works discuss the behavior of the four elements, but 


most of his treatises investigate the interaction of the elements in the 
formation of compound bodies or in their own mutual transformations. 


* Brown University. 
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In those contexts, Aristotle examines the elements’ active and passive 
potencies (óvvdueis)—the hot, the cold, the wet, and the dry (De gen. et 
corr. 2.2, 329b24—26). Each element has two such tangible differentiating 
features, one from the temperature spectrum hot/cold, and one from the 
humidity spectrum dry/wet: earth is cold and dry, water is cold and wet, 
air is hot and wet, and fire is hot and dry (De gen. et corr. 2.3, 330b1- 
7). The elements act on and respond to one another in virtue of those 
features. 

The De caelo ignores the hot, the cold, the wet, and the dry, and 
concentrates instead on weight and lightness. A passage in De gen. et 
corr. 2.2 indicates why weight and lightness are discounted in that work, 
and by implication why they figure prominently in the De caelo. Aristotle 
lists a number of tangible features of the four elements. In addition to hot, 
cold, wet and dry, he lists heavy and light, hard and soft, sticky and brittle, 
rough and smooth. He writes as follows about heavy and light: 

Of these, heavy (aov) and light (xot@ov) are not active (tomtxá) or 
passive (radna): things are not called “heavy” or "light" because they 
do something to something else (ró) moteiv vt EteQov) or because they 
undergo something by something else (mdoyew vq’ &végov). The ele- 
ments, however, must be mutually active and passive, since they combine 
and change into one another. (De gen. et corr. 2.2, 329b20-24) 


Since De gen. et corr. is interested in the ways in which the elements act 
on and respond to one another in the composition of compound bodies 
and in their own transformations, it appeals to the features involved 
in those changes and transformations. The basic features that explain 
the elements’ interactions are the hot and the cold, which are active 
potencies, and the dry and the wet, which are passive potencies. The De 
caelo, by contrast, is interested in how the elements behave in their own 
right (xad'adró), independent of one another. So the De caelo focuses 
almost exclusively on weight and lightness, the features involved in the 
elements' natural motion to their own places. 


2. Definition of the simple bodies 


De caelo 1.1 announces that the science of nature is mainly concerned 
with bodies (o0uara.) and magnitudes (usyśdn), the affections (à) 
and motions (xtvyjoets) of these, and further with the principles (àoxat) 
of that sort of substance (odoia.) (268a1-4). Aristotle offers some defini- 
tions. 
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A magnitude is that which is infinitely divisible, either in one dimen- 
sion (a line), two dimensions (a surface), or three dimensions (a body) 
(268a6-8). Although Aristotle gives no argument here, he denies the 
existence of indivisible magnitudes.’ No magnitude is divisible in more 
than three dimensions (268a9-10). Bodies are complete (téAetov) mag- 
nitudes, since they can be divided in all three dimensions (268a30-b7). 
Bodily parts of a larger whole, though complete in that sense, are incom- 
plete in a different sense. Since bodily parts are determined (orotar) by 
contact with their neighbor, Aristotle says that each is in this way “many? 
Only the totality (to x&v)—the universe as a whole—of which the parts 
are parts, is necessarily complete (268b7-10). We shall return to the claim 
that the parts are somehow many, because it reflects Aristotles judgment 
that the elements are not substances. For now it is enough to note that 
the body of the universe is a plenum, composed of three-dimensional 
infinitely divisible bodies. 

De caelo 1.2 states that all the natural bodies and magnitudes can 
move locally (xatà tónov) in virtue of themselves (xod'adrd.). The 
nature (pdotg) of a natural body is an internal principle of motion (doy 
xi oewg) (268b14-16). All local motion is either straight or circular 
or a combination of the two (268b17-18). There are just two kinds of 
simple motion, in a straight line and in a circle, because straight lines 
and circular lines are the only simple magnitudes (infinitely divisible 
in one dimension). Rectilinear motions are, however, distinguished into 
two sorts, motion up and motion down. So there are three basic types 
of simple motion, all defined with reference to a single fixed point, the 
center of a sphere. Motion up is away from the center, motion down is 
towards the center, and motion in a circle is around the center (268b18- 
24). Because there are three simple motions, there are three simple bodies 
(1.3, 270b26-31).? 

De caelo 1 bundles earth and water together as bodies that move nat- 
urally downward, and fire and air together as bodies that move natu- 
rally upward. Aristotle still speaks as though there were three elements— 
an indestructible element and two others—in 3.1 (298b6-8). Not until 
book 4 does he mark off the intermediate elements, water and air, from 
earth and fire. 


! Contrary to the Atomists and Plato. See De caelo 3.4, 303a20-24, which refers us to 
arguments about time and motion in Phys. 6.1—2. Cf. De gen. et corr. 1.2, 315b24-317a12. 

? On Aristotles method of argument here and in much of the De caelo, see Bolton 
(2009) in this volume. 
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Bodies are simple or compound (De caelo 1.2). Simple bodies, such 
as fire and earth, have a natural principle associated with a single simple 
motion. Compound bodies have composite motions, though they may 
move in accordance with the prevailing ingredient (268b26-269a2). De 
caelo 3.3 offers this definition of a bodily element: 


Let an element of bodies be that into which other bodies are divided, which 

is present in them either potentially or actually (which of the two is still 

debatable), but is itself indivisible into things different in form. 
(302a15—18) 


Elements are the ultimate stuffs into which compound bodies can be 
analyzed and into which compounds are finally destroyed.? The elements 
themselves can be broken up into smaller bits of the same stuff, but not 
into simpler material components which differ from them in form. The 
elements are the ultimate material bodies.* 


3. Weight and lightness 


Aristotle's universe is a finite sphere with a determinate center, which 
coincides with the center of the Earth (De caelo 2.14, 296b6-18), and 
a determinate extremity, which is the boundary of the sphere of the fixed 
stars (1.6, 273a7-13). There is only one cosmos. Though the form of the 
cosmos is repeatable, it is not repeated, because all the matter is contained 
in this one (De caelo 1.8-9)? The cosmos is filled with bodies of the 
three fundamental sorts we have discussed. Aristotle argues that circular 
motion is prior to rectilinear and that the simple body that moves in 
a circle, which he calls by the traditional name “aether” (De caelo 1.3, 
270b20-25), is more divine than and prior to the elements that move in 
straight lines (269a18-b17). 


3 Since the De caelo is not itself concerned with the composition of compounds out 
of the elements, Aristotle here leaves open the question whether the elements are present 
in such bodies actually or potentially. De gen. et corr. 1.10 (esp. 327b22-31) argues that 
the elements are present in a compound (ui&tc) only potentially. I discuss this topic in 
Gill (1989) ch. 5. 

4 Some scholars think that Aristotle believes in matter more ultimate than the ele- 
ments, traditionally called “prime matter” (see, e.g., Solmsen 1958, Robinson 1974, 
Cohen 1984). This view has been challenged by a number of scholars (e.g., King 1956, 
Charlton 1970 and 1983, Furth 1988). In Gill (1989) ch. 2 and appendix, I side with the 
challengers and argue that the sublunary elements are Aristotle's ultimate matter. See also 
below, the section “Natural Motion in Phys. 8.4.” 

5 On the argument in 1.9, see Matthen (2001) 174-177. 
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According to De caelo 4.1 we call things “heavy” or “light” because 
they have the capacity (và 5dvaodau) for a certain natural motion. A 
body is heavy if it moves naturally toward the center. A body is light 
if it moves naturally away from the center. Weight and lightness are 
thus dispositions of bodies to move naturally toward or away from the 
center of the universe, and such motions spring from a bodys own 
nature.* Absolute weight and lightness are defined by determinate places. 
The extremity of the universe (16 tov mavtoc śoyarov) is up (308a21- 
22), and the center of the universe is down (308a22-29). Something is 
absolutely light which moves upward towards the extremity; something 
is absolutely heavy which moves downward towards the center (308a29- 
31). 

The distinction between absolute weight and lightness provides a cri- 
terion for marking off earth from fire (De caelo 1.8, 277a12-23). Earth 
is absolutely heavy (and possesses no lightness), because it sinks below 
everything else and moves toward the determinate center. Once at the 
center it comes to a rest, since it can travel downward no further. Since 
all earth tends toward the center, a mass of earth (the Earth) rests in a 
ball at the center of the universe.’ The behavior of fire is more puzzling. 
Initially, Aristotle simply specifies the light element as a body that moves 
away from the center. Later he speaks of a definite goal, the extremity 
of the universe. Fire cannot reach that location, however, because the 
mass of revolving aither impedes its passage beyond the sphere of the 
Moon. Aristotle says little explicitly about fires upward motion. He does 
say that fire rises above air and has no weight even in its own location 
(4.5, 312b14-16), that the body is lightest which rises to the top (€suto- 
Nagov) of all things that move upward (1.3, 269b25—26), and that neces- 
sarily “what rises to the top of everything moves toward the extremity of 
the place in which the motion of these bodies is performed" (4.4, 312a4- 
5). Many scholars take these claims to indicate that the goal of fire is the 
extremity of the sublunary realm.* But if they are right, Aristotles pre- 
sentation is misleading. In 4.1 he refers to the extremity of the universe 
(to tot mavtoc śoyarov) as uppermost in position (308a21-22), and 


$ A body can move unnaturally in a direction opposed to its natural motion—e.g., a 
clod of earth can be thrown upward. Motions contrary to nature are brought about by an 
external cause (Phys. 8.4). 

7 For further discussion of this topic, see Matthen (2009), in this volume. Whereas 
Matthen argues that the Earth stays where it is impassively, I think that the Earth is held 
in place by many bits of earth vying for the center. See n. 10 below. 

8 Bodnar (1997) 97-98, argues for this claim; many scholars simply assume it. 
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specifies the absolutely light a few lines later as what moves upwards and 
towards the extremity (ztoóc To Eoyarov) (308a29-30). The text gives no 
reason to construe the simpler phrase as anything other than the extrem- 
ity of the universe, which has just been mentioned. The phrase at 4.4, 
312a4-5, quoted above, “the extremity of the place in which the motion 
of these bodies is performed” (tò Zoxatov this Xwoas, èv 1] noiodvta 
thv xivqow), presumably refers to the place where fires upward progress 
stops—hence the actual place of fire—and not the goal of its motion.” Fire 
stops moving up when it reaches the sphere of the Moon, not because that 
is its natural goal, but because it can move upward no further." 


? The same can be said about 296b13—15: fire “moves toward the extremity of the place 
surrounding the center” (1Q0¢ TO £oyatov PEQETAL TOŃ MEQLEXOVTOS TÓNOV TO uéoov). 
Although this phrase could refer to the extremity of the universe, it would be an unusually 
elaborate phrase for that purpose (Guthrie 1971, 244). 

10 On my view, even if fire could reach its goal at the extremity of the universe, where it 
would naturally rest, it would rest not of its own accord but because its upward motion is 
stopped by the extremity of the cosmos. Earth ceases to move downward when it arrives 
in the vicinity of the center, but not because it is programmed to stop—the first clod to 
reach the center would stop because it could proceed downward no further (beyond the 
center it would have to move upward); all other clods would be stopped by the ball of 
earth already there. Whereas the soul of a living organism is a principle of motion and 
rest—soul directs, coordinates, and limits the organism’s natural motions (see De an. 2.4, 
416a9-18)—on my view the elements possess only a principle of motion and no principle 
of rest: they automatically move according to their natures, unless impeded, and what 
needs to be explained is why they stop moving, not why they start. Aristotles conception 
of being is dynamic, not static: a thing is most actual when it is acting according to its 
nature, and this includes an elements activity when confined at its own place. 

My view most directly opposes Cohen (1994 and 1996, 37-45) who argues that the 
elements have only a principle of rest and no principle of motion. Cohen and I both 
attribute to Aristotles elements what Bodnár (1997) 90, calls a one-sided nature—a 
principle of motion or a principle of rest (but not both). For various criticisms of my view 
(Gill 1989, 235-240; 1994, 31-32), see Cohen (1994) 154-155, (1996) 40-41; Bodnár 
(1997) 93-98, Matthen (2001) 180 and (2009), in this volume. 

De caelo 1.8, 276a22-30 might be taken as counter-evidence to my position. Here 
Aristotle distinguishes natural motion and rest from enforced motion and rest, and the 
mention of natural rest could suggest that the elements have a principle of rest, as well as a 
principle of motion. I think that both natural and enforced elemental motions are limited 
by something external to the element. Rest at the center is natural for earth, because earth 
has arrived at its "like" (as we shall see below, De caelo 4.3 treats the place of earth as its 
form and designates that place as its "like"). Rest away from earth's own place is enforced, 
because earths downward motion is impeded by something other than its “like.” 

Sisko (2002) defends my view against Matthen (2001), citing De caelo 4.5, 312b2- 
19, where Aristotle discusses the intermediate elements, air and water, and says that 
if the next lower element were removed, air would move into the place of water, and 
water into the place of earth. This passage suggests that the intermediate elements are not 
programmed to stop in the intermediate places either: they stop where they do because 
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Fire remains very active at the extremity of the sublunary region: 
unusual phenomena occur when hot dry stuff is ignited by the circu- 
lar motion above, resulting in shooting stars and the like (Meteor. 1.3, 
340b10-14; 1.4, 341b18-24).!! Aristotle speaks in the De caelo of com- 
binations of straight and circular motion (1.2, 268b18), which may char- 
acterize these occurrences.” 

The two intermediate bodies, water and air, do not have locations 
determined by the structure of the universe. Aristotle has independent 
reasons for positing two elements between earth and fire. Since there are 
two active and two passive features—hot and cold, wet and dry—which 
combine into four pairs consisting of one active and one passive member, 
and since each pair characterizes one element, there are four elements 
(De gen. et corr. 2.3, 330a30-b7). Elements are observed to change into 
one another (e.g., water into air and air into water), and Aristotle explains 
such transformations by appeal to the elemental contraries.? The De 
caelo marks off water and air from earth and fire by distinguishing 
relative from absolute weight and lightness. According to De caelo 4.1, 


their motion downward is impeded by the element below. I welcome Bodnar’s (1997) 94, 
label for Aristotles cosmos as I conceive it: it is pressurized—at least the sublunary region 
is. 

H All such events are said to occur below the level of the Moon (Meteor. 1.4, 342a27- 
33). 

12 Carl Pearson has pointed out to me that Aristotle may have inconsistent views 
about these meteorological events: Aristotle sometimes speaks of fire at the periphery 
of the sublunary region being ignited by the rotation of the lunar sphere, but sometimes 
attributes such phenomena to dry exhalations, which are distinct from fire. Pearson has 
also called my attention to some puzzles about Aristotle’s account which exercised the 
later tradition and especially Philoponus. For instance, if Aristotle takes fires own place 
to be the extremity of the universe, the potency of fire to be in its place is never actualized. 
Below I argue that the upward motion of fire is an activity of fire, which is actualized as 
soon as fire starts to move. Fire is actually light (and so moves upward) as soon as it has 
been generated. Fire’s own nature is actualized even if it is not in its own location. At the 
same time, fire’s lightness is defined by the extremity of the universe, the goal of its upward 
motion, and its potentiality to be there is never realized. The same might be said about 
the bulk of earth, since its goal is the center of the universe, which is a geometrical point. 
I think the problem arises because the elements are intrinsically incomplete (formless), 
and could not be completed—fully actualized—even if they reached their own location. I 
say a bit more about this topic below in the sections “Elemental Natural Motion” and the 
“Status of the Elements.” Another worry: the place of fire is also the place of aether. This 
may not be a serious problem, since Aristotle has said that the place of aether is around 
the center. Aether’s place would still be around the center, even if fire could get past it, 
which it cannot. 

13 Aristotle gives his account of the various sorts of elemental transformation in De 
gen. et corr. 2.4. He tackles the issue from a different perspective in De caelo 3.6-7. 
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a body is relatively light—light in relation to something else (x065 GAAO 
xońgov)—if two bodies equal in bulk both have weight, and the second 
body moves downward with greater momentum than it (308a31-33). De 
caelo 4.4-5 argue that whereas earth is absolutely heavy (any portion of it 
moves downward if not impeded) and fire is absolutely light (any portion 
of it moves upward if not impeded), air and water are both heavy and 
light. Both are lighter than earth (any portion of them rises to the top of 
earth) and heavier than fire (any portion of them sinks below fire). But in 
relation to each other, air is absolutely light and water is absolutely heavy: 
air, whatever its quantity, rises to the top of water; and water, whatever 
its quantity, sinks below air.'* 


4. Enforced motion and self- motion 


Elemental natural motion differs from both enforced motion and self- 
motion. To see how, we should first outline Aristotles general theory of 
change in the Physics. 


Enforced motion 


In response to Parmenides, who had denied the possibility of change 
(Phys. 1.8, 191a23-33), Aristotle proposes in Phys. 1.7 that every change 
involves three principles: a pair of opposites, and an underlying subject, 
which is informed first by one opposite (the privation), and then by the 
other (the form). A change is the emergence of something new, because 
the form replaces the privation. The change is not a sheer emergence, 
however, because the underlying subject is there all along, characterized 
first by one opposite and then by the other. When a man comes to 
be healthy from having been sick, the man survives the change, but is 
characterized first as sick and later as healthy. 


14 Aristotle argues that water and air cannot be combinations of the other two ele- 
ments. If they were, we could not account for their distinctive behavior—water always 
sinking below air and air always rising above water. There could be instances of a large 
quantity of water containing more fire than a small quantity of air, or a large quantity 
of air containing more earth than a small quantity of water. In the second case a large 
amount of air would move downward faster than a small amount of water. Since this is 
never observed to happen, air and water move to their distinctive places because each has 
a distinctive feature (De caelo 4.5, 312b32-313a13). 
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The pair of opposites must be properly opposed on some continuum, 
so that there is a path from one to the other. A body comes to be hot from 
cold, or comes to be musical from unmusical, or travels to Athens from 
the Piraeus.” Aristotle recognizes changes in three categories— quality 
(alteration), quantity (increase and diminution), and place (locomotion). 
He locates the pair of opposites in one of these three categories, and the 
underlying subject (e.g., living organism, an artifact, a complex material 
stuff, an element) in the category of substance. He also recognizes a 
fourth sort of change, the generation and destruction of a substance, and 
in this case the form and privation, as well as the continuant (matter), 
are located in the category of substance.'$ The continuant has a passive 
potency to be in the end-state—that is, it is of a suitable kind to be in 
that state (bricks and stones can be made into a house, whereas wool 
cannot). Before the change the subjects passive potency coincides with 
the privative state. The change replaces the privation with the positive 
form. 

So far we have described change from the perspective of the object 
changed. Enforced changes are typically brought about by an external 
mover, which has the property it transmits to the patient or (in artificial 
production) has it in mind." According to Phys. 8.5, “the mover is already 
in actuality, for instance, the hot thing heats and generally that which has 
the form generates” (257b9-10).’* In artificial productions, a builder has 
in mind a house, a sculptor a statue, and a doctor health.!? Aristotle calls 
the form, which enables a mover to cause a change, an active potency and 
defines it as “the principle of active change in another thing or (in the 
thing itself) as other” (Meta. 5.12, 1020a4—6; cf. 9.1, 1046a10-11). An 
active potency does not initiate changes but, like a code of instructions, 
enables its possessor to direct and coordinate motions in the moved so 


15 An individual does not become musical from having been pale, except accidentally, 
if the unmusical thing happens also to be pale (Phys. 1.5, 188a30—b3). 

16 In the Metaphysics, Aristotle often lists the form, the matter, and the composite 
as three ways to be substance (Meta. 7.3, 1029a30-33; 7.10, 1035a1-2; 8.1, 1042a26- 
31; cf. 5.8, 1017b23-26; 9.7, 1049a34-36; De an. 2.1, 412a6-9). Substantial generation 
and destruction pose special problems for the replacement model in Phys. 1.7, which we 
cannot address here. I argue elsewhere that Aristotles considered view about substantial 
generation depends on his conclusion that matter survives in the product only potentially. 
See n. 3 above. For my current thoughts on this topic, see Gill (2008). We shall touch on 
elemental transformation below in connection with natural motion. 

17 Bodnar (1997) 88-89, aptly calls the account the Transmission Model of causation. 

18 Cf. Phys. 3.2, 202a9-12; Meta. 7.7, 1032a24-25. 

1? Meta. 7.7, 1032b21-23. 
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that they lead to a particular outcome. Aristotle defines the patients 
passive potency as “a principle of passive change by another thing or 
(by the thing itself) as other” (Meta. 5.12, 1019a20-23; 9.1, 1046a11- 
13). Mover and moved act and respond in virtue of their active and 
passive potencies, which are opposed to each other but aimed at the same 
actuality, a form to be realized in the patient. By means of the change 
the mover assimilates the moved to itself (De gen. et corr. 1.7, 324a9- 
11). Fire, in virtue of its heat, causes something cold to be hot; a doctor, 
in virtue of his knowledge of health, causes someone sick to be healthy. 
Aristotle defines change as the joint actuality of the mover and the moved. 
This actuality is incomplete, because it lasts only as long as the patient 
is coming to be in the end-state. The motion terminates in the complete 
actuality, the end-state realized in the patient (Phys. 3.1-3). 

Usually the patient acquires merely a passive state (a ná0oc)—a new 
passive potency which corresponds to the agents active potency. If the 
doctors efforts succeed, the sick person becomes healthy, not a doctor. 
Health is a passive state which enables its possessor to respond in certain 
characteristic ways to its surroundings (De gen. et corr. 1.7, 324b13-18). 
Only in some cases does the patient acquire an active potency which 
transforms it into a new agent, as when man generates man or a doctor 
teaches a student the art of medicine. 


Self-motion 


As we earlier noted, De caelo 1.2 defines the natural bodies as bodies 
which can move locally (xarà tónov) in virtue of themselves (xa? 
adTd.), and defines the nature (pVots) of natural bodies as their principle 
of motion (Geyxn xiwńoewg) (268b14-16). Phys. 2.1 defines nature more 
explicitly as an internal principle: 


The nature is a certain principle (óoyń) and cause (aitia) of being moved 
and resting in the thing to which it belongs primarily in virtue of itself (êv @ 
bzt&oyxet TEMTMS xa adTÓ) and not accidentally (uh xatà ovupeBnxóc). 

(192b20-23) 


The phrase "not accidentally" excludes instances in which the mover and 
moved happen to be the same individual, as when a doctor cures himself. 
The doctor cures and the sick person is cured in virtue of opposed 
properties (192b23-27). 


20 | discuss Aristotles definition of change in Gill (1989) ch. 6 and (2003) $3. 
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In a self-mover, whose active principle is a nature (the organisms 
soul), the mover and the moved are more intimately related. Metaphysics 
9.8 distinguishes a nature from an active principle located in a separate 
mover: 

I mean by potency (Svvauts) not only the one that has been defined, which 
is called an active principle of motion in another thing or (in the thing 
itself) as other, but generally every active principle of motion or rest (m&on 
OXI xw i ora). For nature (qvotc) is also in the same genus as 
potency; for it is an active principle of motion—not, however, in another 
thing but in the thing itself as itself (q adTó). 
(1049b5—10; cf. Meta. 5.4, 1014b18-20; 1015a13—15.) 
The nature of a thing is an active principle of motion or rest located in 
the thing itself as itself. The modification ^as itself" distinguishes this case 
from that of the doctor who cures himself. Whereas the doctor acts on 
himself as other, a natural body acts on itself as itself (f| adró), or in the 
language of Phys. 2.1, in virtue of itself (nað adtó). The agent and the 
patient are one and the same individual—and not merely accidentally. 
Unlike enforced changes, the active principle of the agent and the passive 
principle of the patient are not opposed. They are active and passive 
versions of corresponding features, which are jointly realized in an activity 
which does not alter the patients actual state but expresses it. 

Consider the production and use of an artifact. A violin-maker con- 
structs an instrument out of pieces of wood, glue, and other materials. 
As in other enforced changes, the craftsman acts on separate materials, 
imposing on them a form they initially lack, and gradually assimilating 
them to a form which corresponds to his active principle, the form of 
the violin. A violinist who plays the violin, on the other hand, does not 
change the instrument, that is, give it a form it initially lacks. Instead, 
the violinist enables the violin to be fully what it already is, to express its 
capacities as a violin. The music performed is the joint expression of the 
active capacities of the violinist and the passive capacities of the violin. 
This is an artificial case in which the mover and moved, though sepa- 
rate, act and respond in virtue of active and passive capacities which are 
not opposed but correspond. In a self-mover, the mover and the moved 
act and respond in virtue of corresponding features which are located in 
one and the same object—as though the violinist and her violin were the 
same individual.?! That is Aristotles conception of an ensouled body, a 
self-mover. 


?! Cf. De an. 2.1, 412b10-17, where Aristotle considers what it would be like if an ax 
were a natural body. 
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The elements are natural bodies, which move naturally upward or 
downward in virtue of themselves. In De caelo 3.1 and elsewhere Aristotle 
lists them as substances, along with plants and animals, their parts, and 
the heaven and its parts. We might therefore expect the elements to 
contain an active and passive principle of their own motion, like other 
natural things. But Aristotle distinguishes the elements' natural motion 
from both enforced motion and self-motion. 


5. Elemental natural motion 


De caelo 4.3 gives Aristotles account of elemental natural motion. Before 
we turn to that difficult chapter, we should consider Aristotles treatment 
in Phys. 8.4. 


Natural motion in Phys. 8.4 


Phys. 8.4 tries to drive a wedge between self-motion and mere natural 
motion. Self-motion, says Aristotle, is restricted to living things, which 
are able not only to move themselves but also to stop and to move locally 
in opposite directions. The province of fire, on the other hand, is to move 
only up, not down (255a5-11). Self-movers can be analyzed into a mover 
and moved, whereas elemental natural movers are continuous and nat- 
urally unified (ovuqvfj), and therefore admit no such analysis (255a12- 
18). He concludes that the elements have a principle of motion— but not 
of actively causing it (tov uwweiv, tot moteiv), only of undergoing it (tot 
ndoyew) (255b30-31). Since the elements lack an inner active principle, 
what is the active principle of their natural motion? 

Phys. 8.4 considers two possibilities: what generated the element in 
the first place (the producer), and what removes the impediment to 
its natural motion (the trigger)—for instance, someone who removes a 
column supporting a weight, so that a heavy object falls. Since Aristotle 
identifies the trigger as an accidental mover (255b24-29),? we seem to 
be left with the other alternative. Is the cause of an elements generation 
also the cause of its natural motion? 


22 Self-motion too involves such triggering causes (Phys. 8.2, 253a11-20; 8.6, 259b6- 
16). On this topic, see Furley (1978) and Gill (1991). 

?5 Errol Katayama defends this thesis in “Soul and Natural Sublunary Motion in Aris- 
totle; presented at the American Philosophical Association, Eastern Division Meetings, 
2007. 
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At 255a30-b25 Aristotle recalls his distinction between levels of po- 
tentiality spelled out in De anima 2.5 (417a21-b16). A child is a potential 
knower in one way before she learns, because she is a human being, and 
human beings are the sorts of things that sometimes have knowledge. An 
adult is a potential knower in another way once she has learned, because 
she actually has knowledge and can exercise it when she wishes, if not 
impeded. The transition from the first level of potentiality to the second 
is an Aristotelian change, a transition between opposites, caused by an 
external mover with a relevant active potency. The knower's use of her 
knowledge is caused by the knower herself. The exercise of knowledge is 
an activity, not a change from opposite to opposite. 

Aristotle applies this model to the elements (255b5-11). Water is 
potentially light in the first way, because it can be transformed into a 
light body. The transformation of water into air is a substantial gen- 
eration and is brought about by an external mover, a producer—for 
instance, someone who heats the water and turns it into steam. The 
resulting air is potentially light in the second way. If Aristotle is true 
to his model, the upward motion of air is analogous to a person exer- 
cising her knowledge. Although motion from one location to another 
is a local change in the category of place, this local change does not 
alter the elements nature. Motion upwards no more alters the nature of 
fire than Socrates’ walk from Athens to the Piraeus alters his. Socrates’ 
walk, though itself a change from one location to another, is an expres- 
sion of his nature as a biped animal. The upward motion of fire is sim- 
ilarly an expression of what fire is, a light object. That expression can of 
course enhance the character the element already has (as playing the vio- 
lin makes the player a better violinist), but it does not replace that char- 
acter. 

The active cause of Socrates’ walk is his own nature as a locomotive 
animal of a certain kind. Fire lacks such an internal active cause. In this 
special case, should we say that what produced the light object in the first 
place also causes its upward motion? In other situations Aristotle distin- 
guishes the producer from the cause of activity. The teacher causes some- 
one to learn, while the one who has learned is herself responsible for exer- 
cising her knowledge. A violin is produced by a violin-maker and played 
by a violinist, and these two individuals have different skills. A male 
parent generates his offspring, and his active principle controls embry- 
onic development up to a point; but once the heart or analogous organ 
is formed, the active principle becomes internalized and the organism 
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takes charge of its own further development.** Thereafter fetal develop- 
ment, though it involves many local changes, is overall an activity, since 
the organism already is the sort of thing it will later be more perfectly. 
Consider what Aristotle says about newly generated air: 


It is already light, and will straightaway act (évegyyjoet), if nothing inter- 
feres. The actuality (èvéoysıa) of the light is to be somewhere, namely up, 
and it is prevented when it is in the opposite place. (255b10-12) 


Once air has been generated, the producer has completed its work and is 
no longer relevant. Air is already light and moves upward immediately if 
not prevented. Like someone with newly acquired knowledge, who needs 
only the opportunity to exercise her capacity, air exercises its lightness 
in upward motion unless prevented. A trigger may need to release it, 
but the trigger is an accidental cause. There seems to be no adequate 
answer to the question: what is the active principle of elemental natural 
motion? 

In both enforced motion and self-motion the active principle is a form 
possessed by the agent. Perhaps we can answer the question about the 
elements by identifying their form. Absolute lightness is the property 
that differentiates fire from other natural movers, and so appears to be 
its formal feature.” Although lightness is a passive potency, a principle 
of being moved, not of actively causing it, in that respect the lightness 
of fire resembles the form of many other objects. The form of a violin, 
too, is a passive potency and depends for its activation on an external 
mover. Nonetheless, the lightness of fire differs in one chief respect 
from the passive form of complex objects. Unlike the form of a violin, 
which structures various material parts into a musical instrument, the 
differentiating feature of fire does not structure simpler material parts. 
Recall that fire is a simple body—an element into which other things can 
be divided but which cannot itself be divided into things different in form 
(De caelo 3.3, 302a15—18). Because it is not worked up out of simpler 
matter, fire is not a matter-form composite like a violin. Its simplicity 
also explains why fire cannot be analyzed into mover and moved, as self- 
movers can. Fire is pure matter. The absolute lightness of fire, though 
it differentiates fire from other things, is properly speaking its material 
nature. Fire has no intrinsic form. 


4 Aristotle compares that moment to a son setting up house for himself, apart from 
his parents (De gen. an. 2.4, 740a1-9). 

25 Heat and dryness are also differentiating features of fire, but they specify fire in its 
interactions with other things. 
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Yet something plays the role of elemental form. Aristotle answers his 
question as follows: 


This is the question we were seeking to answer, why light things and heavy 
things are moved to their own place. The reason is that they are naturally 
somewhere (néqvx£v mot), and that is the being for the light and the heavy, 
the one defined by the up and the other by the down. 

(Phys. 8.4, 255b13-17) 


Whereas Socrates’ locomotive soul enables Socrates to express his nature 
when he walks from Athens to the Piraeus, and controls his mode of 
travel, the goal of fire controls and limits its upward motion. Since fire 
is defined with reference to its own place, that location functions as its 
form, its active principle, and its principle of rest.?é 


Natural motion in De caelo 4.3 


De caelo 4.3 again asks: what is the cause of elemental natural motion? 
The chapter ends by recalling the two options that Aristotle considered 
in Phys. 8.4: the producer and the trigger. Again he opts for neither 
alternative, but recalls them as causes in addition to some other mover 
(311a9-12).”7 Earlier in the chapter he says: 


If what causes motion (xiwnrixóv) upward and downward is what makes 
something heavy (ró Baguvtixdv) and what makes something light (ró 
xov@Plottxov), and the movable (xiwnróv) is what is potentially heavy or 
light (tò duvéuet Bagh xai xot@ov), then (6')* each thing being moved 
to its own place (tov attot Tórov) is being moved to its own form (tò eic 
TOV QUTOD xóztov pźoeodou), and this would be the best way to understand 
the ancient saying that like is moved to its like. (310a31-b2) 


Scholars have apparently found this passage so puzzling that they ignore 
its conditional structure in their translations, then construe the next 15 
lines as a lengthy digression explaining how we should understand the 
old saying “like is moved to like,” and have Aristotle return to his topic 
only at 310b16-19, where they finally observe the conditional structure 


26 Tn saying that the place of fire functions as its form, I differ from Morison (2002, 50- 
53) who argues that the place of fire is part of its form. I also disagree with Algra (1995, 
216, 217-221) who takes the form of an element not to be its proper place but its being 
in its proper place. 

27 Note the xai (“also”) in «ai xivet Ó8 Th. at 311a9. 

28 The final clause of this sentence appears to contain an apodotic à£ at 310a33. 
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of the earlier passage.” In the later passage Aristotle says: “So to ask why 
fire goes up and earth down is the same as to ask why the curable if it is 
moved and changes qua curable, comes to health and not to whiteness.” 
The first passage is an argument, which Aristotle unpacks in the main 
part of the chapter. Phys. 8.4 sheds light on the passage. What moves 
fire upward? According to Phys. 8.4, fire moves to its own place because 
it is naturally somewhere (n£qvwx£v mot) (255b13-15): the upward place 
explains fire’s natural motion upward and limits its motion if it arrives. 
That place functions as the form of fire, because it defines what the ele- 
ment is and how it naturally behaves (255b15-17). The first premise in 
the De caelo argument states that an element’s own place (the cause of 
its upward or downward motion) is its form (what makes the element 
heavy or light).? The second premise focuses on elemental matter, the 
thing moved. According to Phys. 8.4, once a light object has been gener- 
ated from a heavy object, it is already (i.e., actually) light (255b10). But it 
is also potentially light, because—depending on impediments—it may or 
may not be exercising its lightness in upward motion and is not yet there 
(in the upward place). The actuality (&véovyewx) of the light, says Aristotle, 
is to be somewhere, namely up (to nov civar xai &vo) (255b11), and the 
light object's motion is blocked when it is in the opposite place (255b12). 
If the actuality of the light object is to be up, that upward place is its 
form. The light object manifests its lightness by going there and attains its 
full actuality by being there?! Aristotles conclusion about motion relies 
on his definition of motion in Phys. 3.1-3, which I mentioned earlier: 
motion is the incomplete actuality of the mover and moved, which termi- 
nates in the full actuality, the end-state realized in the patient. Although 
I have filled in a good deal to make sense of the argument, Aristotle can 


2° See Stocks (1930) 310a n. 1; cf. Guthrie (1971), 345-349. As at 310a33, the man- 
uscripts read (apodotic) é at 310b16-19, which Allan 1955 has emended to dy in his 
Oxford edition following Simplicius’ report of Alexander (Heiberg, 1894). See Stocks 
(1930) 310b n. 4. 

30 Recall that De caelo originally defines the simple bodies with reference to the center 
of a sphere and later with reference to the center or the extremity of the universe. The 
center and the extremity, though not intrinsic features of earth and fire, function as their 
formal causes—earth is defined with reference to the center, and fire with reference to 
the extremity, the goals of their natural motions. Scholars often refer to the "natural" 
places of the elements, but Morison (2002) 34, points out that Aristotle nowhere speaks 
of "natural" places. For that reason I refer to the place of fire as its own or proper place (6 
adTod Tórog). 

31 On my view, the light object would retain its potency to move upward, even if it 
arrived at its own place. Its upward motion is limited by its place; see note 10 above. 
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get his conclusion from his premises, with the added assumption about 
motion. Ifwhat can move an element (the downward place or the upward 
place) is what makes it heavy and light (its form), and if the movable 
object (what can go to the downward place or upward place) is poten- 
tially heavy or light (i.e., can be in the downward place or upward place), 
and if motion is the joint actuality of the mover and moved, then a things 
being moved to its own place is its being moved to its own form. 

Aristotle does not simply rely on his earlier discussion, but goes on to 
spell out his conclusion in the next section, where he clarifies how we 
should understand the old saw “like is moved to its like” He first points 
out that not everything moves to itslike in the ordinary sense: ifthe Earth 
were transposed to where the Moon now is, bits of earth would not move 
toward the bulk of earth, but would still move to the center of the cosmos, 
where the Earth in fact is (310b2-7). This imagined scenario shows that 
the direction of earth’s natural motion is determined by its proper place, 
not by the bulk of similar stuff, wherever that bulk happens to be. 

Next he discusses the determinate places of fire and earth, and starts 
with his definition of place from the Physics: 


Since place is the limit of what surrounds (to tot negiśyovTos negQag), and 
both the extremity and the center surround all things that are moved, this 
(limit) turns out in a certain way to be the form of the thing surrounded, 
and being moved to its own place is motion to its like. (310b7-11) 


According to the Physics, place is the first motionless limit of the sur- 
rounding body. The center and extremity of the cosmos do not satisfy the 
definition of relative place: the center is a geometrical point, not some- 
thing that literally surrounds anything; and the extremity is not the limit 
of a surrounding body, since there is no body surrounding the extremity 
of the universe. Even so, Aristotle claims that the two limits of the cosmos, 
the center and the extremity, surround all movable bodies, which are con- 
tained within those limits. The scenario of the displaced earth shows that 
we should not take the ancient saying “like to like” to mean that an ele- 
ment is moved toward stuff like it. On the contrary, since an elements 
proper place functions as its form, we should understand “like to like” to 
characterize the motion of an element to its own place or form. 

The center functions as the form of earth, and the extremity functions 
as the form of fire. What about the intermediate elements water and air? 
Aristotle continues: 


32 Phys. 4.4, 212a20-21; cf. 212a5-6. 
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The things in succession are like one another, e.g., water is like air and 
air is like fire. We can speak in reverse (dvdnańuw) in the case of the 
intermediates, but not the extremes. For instance, air is like water, while 
water islike earth. In fact the higher item is always related to the one below 
it: as form is to matter, so they (the elements) are related to one another. 
(310b11-15) 


The universe displays a permanent cosmic order: the extremity of the 
universe is the determinate up and the center of the universe is the 
determinate down, and the hierarchy of the elements reflects that cosmic 
order: the higher item is always related to the lower as form to matter.” 
This ordering cannot be reversed in the case of the extreme elements, fire 
and earth.?* But apparently the ordering of the intermediate elements 
can be reversed, since air is like fire, but also like water; and water 
is like air, but also like earth. Because we can speak in reverse about 
the intermediate elements, the consecutive element above or below air 
can function as its form: the consecutive elements on both sides play a 
limiting role.” 

The next sentence, which commentators usually regard as the conclu- 
sion of the argument 15 lines earlier, should be interpreted in light of 
Aristotles identification of the center and the extremity as the form of 
earth and fire: “So to ask why fire goes up and earth down is the same 
as to ask why the curable, if it is moved and changes qua curable, comes 
to health and not to whiteness” (310b16-19). The goal of an elements 
motion determines its direction. Fire goes up and not down, because its 
goal is the extremity of the universe, just as the curable goes to health and 
not to whiteness, because its goal is health. 

The active principle of elemental natural motion lies outside the ele- 
ment, yet the elements seem to have an inner active principle. Why? Aris- 
totle observes that someone can recover his health with only the slightest 


33 Cf. De caelo 4.4, 312a12-16. 

34 Stocks (1930) 310b n. 2, construes the claim thus: whereas water is like earth, earth 
is not like water, and whereas air is like fire, fire is not like air. 

35 This passage enables me to respond to Bodnar (1997) 96 n. 20, who criticizes 
my claim (Gill 1989, 240) that the confining element is form to the one confined. He 
points out that this would allow earth (the cosmically lower element) to be the form 
of water (the cosmically higher element), since earth confines the downward motion 
of water. Aristotle appears to allow for precisely this possibility here, when he says that 
the order of the intermediate elements can be reversed. There is a permanent cosmic 
hierarchy among the elements, with earth at the bottom, and fire at the top, but each of 
the intermediate elements is limited by the adjacent element above and below, and so 
both adjacent elements can function as its form. 
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external stimulus (310b26-29). Why do the elements seem different from 
that? The difference between the elements and everything else is that they 
are simple, not compounds worked up from simpler materials. Because 
they are simple, they have only one simple natural motion, and so need 
no internal active principle to direct or coordinate their motion. Aristotle 
explains why the elements seem so much like self-movers: 


More than those (e.g., a sick person who needs only a small stimulus to 
recover his health), the heavy and the light appear to have in themselves 
the principle, because their matter is closest to substance. (310b31-33) 


Because the elements are simple, they behave like self-movers without 
needing an internal active principle. Once some earth has been gener- 
ated, it automatically moves toward the center if unimpeded. What serves 
as its active principle is the place itself, which controls and terminates its 
motion.” 

Aristotle says a little more to clarify his claim that the elements are 
closest to substance. Locomotion is a special sort of motion. It belongs 
to separate bodies and is the last motion in the order of generation and 
the first motion in the order of substance (xaxà thv ovotav) (310b33- 
311a1). Although locomotion, growth, and alteration are all non-sub- 
stantial changes, locomotion takes precedence over the others and 
belongs to more elevated objects.” So the fact that the elements engage 
in locomotion gives them a distinctive status. He continues: 


When air comes to be from water and light from heavy, it goes up. And at 
the same time it is light, and no longer becomes (light), but is there (éxet) 
(i.e., up). So it is apparent that being in potentiality going to actuality, it 
goes to the place and quantity and quality appropriate to the actuality. And 
the same fact explains why things that already exist and are earth and fire 
are moved to their own places, if nothing interferes. (311a1-8) 


36 Machamer (1978) points out that in Phys. 4.1 Aristotle says that place has a potency 
(Svvapuc) (208b8-11) but denies that it is any sort of cause (209a18-22). There has been 
considerable discussion about these claims (see Matthen (2009), in this volume for more 
on the topic). I think that Morison (2002) 49-53, is right that place has a Óbvoquc because 
it makes a difference in the world. I agree with Sorabji (1988, 187 n. 6), and Morison 
(2002, 52-53) that the denial that place is a cause is part of an aporetic conclusion. As 
I understand Aristotle’s view in De caelo 4.3, the center functions as the formal cause of 
earth’s heaviness and final cause (the téAog or goal) of its downward motion. Although 
I do not accept Lang’s (1998) conception of Aristotelian place, I agree with her that the 
determinate places of earth and fire are causes. For objections to the idea that a natural 
place is any sort of cause, see Algra (1995) 192-221. 

37 For instance, plants have the capacity to nourish themselves and to grow, but they 
cannot move themselves locally. In the world of living things, local motion is reserved for 
higher objects, and is the only sort of motion displayed by celestial bodies. 
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Air is already actually light as soon as it has been generated. Motion to its 
own place does not alter the nature of air (its lightness), but expresses and 
enhances it. At the same time, natural locomotion is intimately connected 
with elemental being, more so than it is for living organisms whose lower 
functions (nutrition and perception) are crowned by locomotion. The 
elements are incomplete because what controls their natural motion lies 
outside them, and is still outside them, even if an element arrives at its 
own place. An element is constantly active, but that unflagging motion 
cannot compensate for the fact that an elements form is and remains 
external to it. 


6. Status of the elements 


The elements regularly appear on Aristotle’s lists of agreed substances.** 
They seem to be substances, because they are subjects (bmoxetueva): 
they have properties, interact with other things, and move locally. Like 
complex bodies in the sublunary realm, the elements are generated and 
destroyed. In some respects they seem superior to complex bodies, in- 
cluding living organisms. In Meta. 9.8 Aristotle compares them to eternal 
things, because they never tire of their activity: 


The things that are subject to change, for instance, earth and fire, imitate 
the imperishable things: these too are always active, since they too have 
motion in themselves in virtue of themselves. (1050b28-30) 


The elements have a claim to be what is most real in Aristotle’s sys- 
tem, because they are the basic components of all compound bodies 
in the sublunary realm. Since they are utterly simple, their internal 
unity—unlike that of complex material objects—is unproblematic. If 
being an ultimate subject is a criterion for being a substance,” the ele- 
ments arguably have a better claim to be substances than the complex 
objects they constitute. 

But they are not substances. In Meta. 7.16, following a detailed inves- 
tigation of substance, Aristotle famously says: 


38 De caelo 3.1, 298a29-b1; Meta. 5.8, 1017b10-14; 7.2, 1028b8—13; 8.1, 1042a6-12; 
cf. Phys. 2.1, 192b8-13. 

3 Subjecthood is the chief criterion of substantiality in the Categories, and I believe 
that it remains a criterion in the Metaphysics. Some scholars would disagree or reduce it 
to a secondary status. 
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It is evident that the majority of things that seem to be substances are 
potencies (óvvdueis)—the parts of animals (for none of them exists sepa- 
rately, and when they are separated, even then they all exist as matter) and 
earth, fire, and air. For none of them is one, but as it were a heap (owgóg), 
until it is worked up and some one thing comes to be from them. 
(1040b5-10) 


Aristotles ground for excluding the elements as substances in Meta. 7.16 
is that they are heaps, not unified things. 

With this assessment of the elements, let us return finally to a passage 
in De caelo 1.1 which we noticed at the outset. Aristotle claims that bodily 
parts of the universe are complete in one sense, incomplete in another. 
They are complete in that they are magnitudes divisible in three dimen- 
sions. They are incomplete in that they are determined by contact with 
their neighbor. In that way each is “many” Only the totality—the universe 
as a whole—of which the parts are parts, is necessarily complete (268b5- 
10). Aristotle denies that the elements have an internal active principle, a 
principle that would direct and limit their motion. That direction is pro- 
vided by a determinate place, which also limits an elements motion if it 
can be reached. More often an element’s upward or downward motion is 
limited by the adjacent body. Because the elements are intrinsically form- 
less, they lack an inner principle that makes them unified things. They are 
like heaps—simple formless stuffs—whose boundaries are determined by 
surrounding bodies.“ Aristotles treatment of the elements in the De caelo 
supports his verdict that they are not genuine substances. Still—and this 
is interesting—of all the things that seem to be substance and fail, the ele- 
ments come closest to succeeding. That is because “their matter is closest 
to substance" (De caelo 4.3, 310b31-33).?! 


40 On this passage, see also Matthen (2009), in this volume. Matthen thinks that bodies 
which lack an inner source of unity are delimited by their place (the inner surface of the 
surrounding body). I prefer my interpretation of the passage because Aristotle mentions 
a thing’s contact with its neighbor and not its place. 

^' Tread a version of this paper ata conference on Aristotles Natural Philosophy at Rice 
University and am grateful for the discussion on that occasion and to Donald Morrison 
for organizing the event. I especially thank Carl Pearson for his probing questions, which 
deserve further investigation (see n. 12 above). I also thank Mohan Matthen for helpful 
conversations and the editors of this volume, Alan Bowen and Christian Wildberg, 
for encouraging me to reconsider several topics. The paper is better because of these 
interventions. 
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THE ARGUMENT FOR THE 
SPHERICITY OF THE UNIVERSE INARISTOTLE'S 
DE CAELO: ASTRONOMY AND PHYSICS 


PIERRE PELLEGRIN* 


1. Introduction 


Aristotles De caelo has undergone a series of misinterpretations regard- 
ing either Aristotles general intentions in the text or the major epistemo- 
logical principles according to which he conducted his research. A glar- 
ing example of the former would be to consider, as has been done, the De 
caelo as an astronomical treatise or rather as an Aristotelian astronomi- 
cal treatise. Nevertheless, several passages of the De caelo clearly explain 
the connections drawn by Aristotle between contemporary mathemat- 
ical astronomy and his own project.! These passages uncover two dif- 
ferent ways in which Aristotle—the Aristotle of the De caelo, to be more 
precise—appeals to the findings of astronomical research. On some occa- 
sions, he calls upon these findings in order to confirm the results of his 
own research, for example, this comment regarding the central position 
of the Earth: 


What the mathematicians say in astronomy also testifies to this, since the 
appearances, given the changing of the figures by which the arrangement 
of the stars is determined, happen as if the Earth were at the center. 

(De caelo 2.14, 297a2-6) 


On other occasions, Aristotle cites astronomers as having established 
findings which are somehow adjacent to his own. Concerning the order 
of the wandering stars, an issue dealt with in chapter 10 of book 2, 
Aristotle is content to make the general remark that the closer a planet is 
to the sphere of the fixed stars, the slower its movement will be, without 
any further investigation into the ratio of their velocities. His approach 
to this question is physical in that the stars are said to move in a direction 


* CNRS, Paris. 
1 [tis important to remember that the term uadnuaruxóg can be translated as either 
“mathematician” or “astronomer”. Only the context permits distinction between the two. 
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opposite to that of the sphere of the fixed stars, those which are closer to 
it thus being more subject to its arresting influence. Still, he is aware of 
the different problems which his reader might encounter when it comes 
to the order of the stars. Thus, he begins his chapter as follows: 
As to the order of the heavenly bodies—the way each of them is located 
given that some are before and others behind, i.e., the way they relate to 
each other from the point of view of their distances—this should be left 
to astronomical works which actually speak of these matters sufficiently. It 
can be drawn from their demonstrations that the motions of each are in 
proportion to their distances, some being faster, others slower. (De caelo 
2.10, 291a29-34; see Dalimier and Pellegrin (2004) 250 for the text.) 


According to Aristotle, therefore, the physical theorist may support his 
work with mathematical astronomy. There is a particularly notewor- 
thy passage in this vein which merits significant commentary. Aristotle 
intends to demonstrate that the size of the Earth “is not huge” (297b32), 
a demonstration which he backs up with various arguments. The more 
memorable of these is how the presence of elephants in both Africa and 
India indicates a continuity between India and the Pillars of Hercules (it 
should also be remarked that Aristotle takes this argument from other 
authors whom he does not acknowledge, accepting it as "not too incredi- 
ble”). He concludes his reasoning with the observation that “all the math- 
ematicians who attempt to calculate the size of the circumference say that 
it is about 400,000 stades” (298a15), a number which is difficult to com- 
pare with the actual circumference of the Earth, due to the uncertainty 
surrounding the length, or lengths, of a stade. It is a number, however, 
which seems to be much greater than the Earth’s actual circumference. 
In other words, Aristotle satisfies himself with an approximation which 
the science of his time would have permitted him—at least according to 
his belief—to refine. 

In fact, the connections between Aristotle's speculations in the De caelo 
conducted from the point of view of a physical theorist and those of 
the “mathematicians” are much more apparent when considered from 
a general point of view. Since I do not aim to tackle this question myself, 
I will limit myself simply to indicating certain difficulties which might be 
encountered by someone intending to go far enough into the details. 

With regard to the relative velocities of the planets, for example, one 
must first of all confront the problem of the interrelations between math- 
ematical and physical explanations. Aristotle appears to hold, as he does 
in Phys. 2.2, that the astronomer and the physical theorist (who, on this 
occasion, is actually a cosmologist) study the same object, in this case, 
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the velocity of the heavenly bodies. However, his position in the Phys- 
ica does not correspond exactly to that in the De caelo. In the Physica, 
the physical theorist considers the Moon as a natural entity endowed 
with certain properties, whereas the mathematician regards it as a sphere. 
In each case, both mathematical and physical science employ their own 
explicative machinery; the former by calculating, for example, the surface 
of the lunar sphere, and the latter by demonstrating, for instance, that the 
Moons elemental composition renders it incorruptible. The two modes 
of research are evidently not parallel in that the mathematician, for exam- 
ple, is not concerned with final causes. That is, both modes bear upon the 
same object, the Moon, yet each does so through a different approach that 
is characteristic of the science in question. From the perspective ofthe De 
caelo, however, the mathematicians observe and perhaps calculate (how 
and to what extent is up to scholars of ancient astronomy to say) the rel- 
ative velocities of the planets, whereas the physical theorist explains the 
cause of this phenomenon, namely, the retarding action of the sphere of 
the fixed stars. It seems, therefore, that the objective is the same stricto 
sensu, and that the physical and mathematical approaches share the same 
relation as that between Ott and Ótóm explanations. In other words, the 
astronomer demonstrates that the planets farthest away from the Earth 
take the longest time to complete their revolution, and the physical the- 
orist explains why. Would that imply an isomorphic yet inverse correla- 
tion between mathematics and physical theory, similar to that found in 
An. post. 1.13, where the physical theorist knows the fact of the rainbow, 
while the geometer, or in this case, the optical theorist, knows the cause, 
one science being subordinate to the other? No, because in the case of 
the planets, astronomy and physical theory both provide a complete sci- 
entific explanation within their own domain: physical theory invokes the 
arresting influence of the sphere of the fixed stars, while astronomy estab- 
lishes a correlation between velocity and distance, the sort of demonstra- 
tion which could generate mathematical astronomy and which is doubt- 
less of the type that could produce mathematical optics in the case of 
the rainbow. In the De caelo, therefore, astronomy and physical theory 
share an original relationship in respect to the manner in which Aristo- 
tle describes elsewhere the correspondences between the sciences. It is 
neither a relationship of subordination nor one of complete alienation.* 


? In the Analytica posteriora, Aristotle highlights two instances when more than 
one science deals with the same object; the case of subordinate sciences, “but, Aristotle 
adds, many sciences which do not fall under one another are in fact related in this 
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A further problem which arises from the Aristotelian explanation and 
which was well recognized by Simplicius (Heiberg 1894, 472.5) is that, if 
the velocity of astral movements is the result of two factors—the natural 
tendency of stars to move in a circle and the opposing influence of the 
sphere of the fixed stars—how can these contrasting movements both 
be considered natural? Furthermore, it is difficult to understand how 
Aristotle reconciles this account with the theory of homocentric spheres 
which he supposedly upheld. This provokes the formidable question of 
whether and to what extent he adheres to that theory in the De caelo. It 
is, thus, necessary to conclude (with great caution) that, as confirmed in 
the opening line of the De caelo, the research Aristotle conducted comes 
under physical theory and that mathematics (pure or applied) may have 
no more than an appended role. It, therefore, seems reasonable to claim 
that in the De caelo the more physical an argument is, the stronger it will 
be. 

The misconception surrounding the epistemological principles which 
I intend to examine is closely linked to this physical theory-based posi- 
tion of De caelo. Paul Moraux, for example, in the introduction to his 
edition of the treatise, argues that, according to Aristotle, “when applied 
to celestial entities, investigation by the senses is exposed as being quite 
impotent and even marred with error” (Moraux 1965, cxvii: cf. Moraux 
1951). Up to this point, it is difficult to disagree with Moraux’s analy- 
sis, even if the term “impotent” is not the most appropriate. However, 
Moraux continues: “without doubt, it is for this reason that Aristotle 
usually prefers the investigative methods which he considers to be more 
effectual and precise: the reasoning and application of the principles of 
terrestrial physical theory? This affirmation is completely insupportable. 
In the passages where Aristotle recognises the limited nature of sensory 


way—e.g., medicine to geometry: it is for the doctor to know the fact that curved 
wounds heal more slowly, and for the geometer to know the reason why” (An. post. 
1.13,7 9413-16; Barnes 1993). The problem of the relationship between mathematics and 
physical theory with respect to the study of celestial phenomena is recurrent throughout 
the history of philosophy and the sciences, most often based upon the Aristotelian 
distinction. Geminus’ summary of Posidonius’ Meteorology, known through a quotation 
by Alexander of Aphrodisias which is reported by Simplicius in his commentary on 
Aristotle’s Physica (In phys. 291.21-292.31), presents a particular interest from this point 
of view. Until when was it upheld that it was the job of physical theory to mediate between 
conflicting mathematical hypotheses? Duhem believes that Adrastus of Aphrodisias was 
the first to break with this position. Ptolemy, in any case, would later strive hard to 
restructure astronomy upon a physical basis. 
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knowledge in celestial studies, he does not claim that non-sensory argu- 
mentation, that is, recourse to reasoning from principles, is "more effec- 
tual and precise’; it is simply a last resort in situations where nothing else 
is possible. This he says explicitly a few lines later: “On these matters it is 
right to seek also after greater knowledge, although we have very small 
starting points and we are at a great distance from the phenomena of 
this region” (De caelo 2.12, 292a14—17).* Nevertheless, Aristotle displays 
no trace of the “mistrust towards sensory knowledge" attributed to him 
by Moraux. He continues to recognise a certain primacy behind argu- 
ments based on sensory data. This is clearly confirmed in the following 
often quoted passage from book 3. It is a criticism of the Platonists who, 
due to their refusal to abandon their principles, come to uphold the idea 
that all elements can transform themselves into one another except for 
earth: 


But if [the elements] are produced by a decomposition in surfaces, first it 
is strange that not all of them could be generated from each other. But this 
is what these people are compelled to say. For it is not rational that there be 
one exception to this transformation, and this is not what sense perception 
shows us: all of them, in the same way, change into one another. Dealing 
with phenomena, they come to make some statements which are not in 
accordance with the phenomena. ... Because oftheir commitment to their 
principles, they seem to fall into the attitude of people who defend a thesis 
in an argument. For they accept any consequence under the assumption 
that they possess true principles, as though some principles did not require 
to be judged from their consequences, and particularly from their final 


3 Cf. De caelo 2.3, 286a3—7: 


Since movement in a circle is not contrary to movement in a circle, one must 
examine why there are several locomotions, though we must endeavour to conduct 
the inquiry from far off—far off not in the sense of spatial distance, but much more 
by virtue ofthe fact that we can perceive altogether few of the characteristics of the 
heavens. Nonetheless let us speak of the matter. (Leggatt 1995) 


and De caelo 2.8, 290a13-20: 


It is reasonable that they all perform the same type of movement, but alone of the 
stars it is the Sun that seems to do this in rising and setting, and it does do not in 
itself but as a result of the distance from which we see it; for our vision, in being 
extended a long way, skews through weakness. This is also perhaps the reason for 

the apparent twinkling of the fixed stars, and the non-twinkling of the planets. 
(Leggatt 1995) 
This is put even more neatly at Meteor. 1.7, 344a5: "For the phenomena inaccessible to 


observation, we think that a satisfactory explanation according to reason (xoxà Aóyov) 
has been given when we have brought them back to the possible? 
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result. But the final result, which in the case of a productive science is 
the product, in the physical science is the evidence of sensory perception, 
which always prevails. (De caelo 3.7, 306a1-17) 


The definitive and decisive test of a principles validity is, therefore, com- 
patibility between one’s results and data drawn from sensory experience. 
Robert Bolton (2009), drawing upon this passage as well as others in the 
paper which he contributes to this collection, distinguishes "two stan- 
dards of evaluation" at work in the De caelo, one based on "physical" 
argumentation (pvoixóg) and the other on “rational” argumentation 
(evAoyov, xara Xoyov). The main aim of Boltons text is to demonstrate 
that the "rational" arguments are, in fact, dialectical, a thesis which does 
not concern me here. Bolton also shows, in reference to the passage in 
Phys. 1.2 which is dedicated to refuting the Eleatics, that recourse to ratio- 
nal procedure does not only take place when sensory data is unavailable, 
but also in the proposing of a primary physical principle, namely, the 
existence of motion, when sensory data is available. However, the rea- 
son that makes the De caelo the one physical treatise in which Aristo- 
tle resorts most frequently to rational procedures is principally that our 
perception of the phenomena which he studies is so limited. Bolton also 
recognises that “Aristotle regards £0Xoyoc procedure as distinctly infe- 
rior to the alternate more scientific level of procedure" (68). Evidently, 
this recalls one of the most famous passages of the Aristotelian corpus, 
found in De partibus animalibus (1.5, 644b23 ff.). Here Aristotle com- 
pares physical theory, or rather biology in this particular case, to the 
study of “divine” celestial bodies. Our understanding of these bodies is 
"altogether limited,’ because it is only possible for us to perceive a small 
amount of data. This is not the case for animals and plants. Knowledge of 
the former brings us “more pleasure,’ due to the excellence of the object, 
just as a fleeting glance of some beloved object brings us more pleasure 
than a long consideration of other things. Yet our knowledge of objects 
down here is better and fuller; we have "more science” (De part. an. 1.5, 
64522). 

To this I should add that there is nothing rational or logical which 
does not yield itself to the results of observation. Consider this famous 
passage: 

Since there are two difficulties concerning which anyone might reasonably 
be troubled, we must endeavour to give what we take to be the explanation, 
reckoning zeal to be a mark of respect rather than of over-boldness if 


a person, through a thirst for knowledge, is content with even tentative 
solutions in matters concerning which we have the greatest difficulties. 
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There are many such difficulties, not the least amazing of which is why 
it is not the case that at their successively greater distances from the 
primary locomotion the several heavenly bodies undergo a greater number 
of motions,* and instead that the intermediate bodies undergo the most. 
For it would seem reasonable that, since the first body? undergoes a single 
locomotion, the body nearest undergo the least number of movements. ... 
As it is, just the opposite happens, since the Sun and the Moon undergo 
fewer movements than some of the planets. ... With some of them this 
has even been clearly observed; for we have seen the Moon, when half-full, 
pass under the star of Ares, which was occulted on the Moon's dark half, 
and emerged on its bright, radiant half. ... One may rightly be troubled by 
this difficulty, as well as for what reason the number of stars in the primary 
locomotion is so great that their whole array seems to be innumerable, 
whereas each of the others has a single, separate star, and two or more 
stars are not observed to be fixed in the same locomotion. 

(De caelo 2.12, 291b24-292a14: Leggatt 1995) 


Therefore, when perception is not a possible option, only “tentative solu- 
tions” can be offered. The difficulties raised in this passage are interesting 
because Aristotle takes them further than he does elsewhere. Bolton cor- 
rectly observes that, although the “logical” procedure was inferior, it was 
still useful in its own right. Here however, there is a conflict between the 
supposedly “logical” (rational) procedures and the observations them- 
selves. It should be noted that Aristotle does not seem to doubt for a 
minute the fact that a theory founded upon “what seems to be rational” 
must be adapted if confronted with more abundant perceptual data. 


2. Arguments in favour of the sphericity of the universe 


I should now like to examine the strength of some arguments according 
to their relation to observation, all these arguments aiming at establishing 
one and the same thesis, that of the sphericity of the universe. Although 


4 That is to say, requiring a larger number of spheres in order to explain their 
movement. 

5 Here, the expression “first body” does not mean the element which is moved in a 
circle and makes up the celestial bodies, but rather the sphere of the fixed stars. 

$ This assertion spread confusion among the commentators because, in Aristotle’s 
system of homocentric spheres, the Sun and the Moon have no fewer spheres than the 
other planets and, therefore, no less movements. In his annotated edition of the first two 
books of the De caelo, Leggatt (1995), following Dicks (1970, 204-205), suggests that 
Aristotle distinguishes the Sun and the Moon from the other planets by their lack of 
retrogradation, which means that, in a certain way, they have fewer types of movement 
than the other planets. 


170 PIERRE PELLEGRIN 


this thesis has without doubt an essential position in Aristotelian cosmol- 
ogy, Aristotle dedicates only a few pages to it; and the demonstration that 
he provides in De caelo 2.4 has no more than a decidedly average size. 
Commentators have distinguished four or five arguments in this chap- 
ter (depending on whether the remarks on figures which open the chap- 
ter can be considered as an argument), their diversity of form and status 
giving the chapter a certain epistemological scope. Aristotle does not in 
fact seem to have difficulty rubbing elbows with “demonstrations” which 
appeal to speculations drawn from what could be called “transcendent 
geometry,’ an analysis of spatial relations that includes geometrical, phys- 
ical, and logical arguments. His arguments are certainly not all of equal 
strength, which is explained by what we have seen above. Such an accu- 
mulation of arguments of different strengths is by no means reserved for 
the examination of the sphericity of the universe but, as has been noted, 
appears rather often throughout the De caelo, creating a remarkable com- 
bination of procedures which could be regarded as belonging to physical 
theory with arguments which are dialectic in the wider (but nevertheless 
Aristotelian) sense of the term. It is not, however, my aim to analyze the 
extent to which Aristotle’s arguments are scientific or dialectical in the 
chapter dedicated to the sphericity of the universe. Nevertheless, it does 
fall within my intentions to attempt an estimation of the physical founda- 
tions which could be found in Aristotle's procedure to support this thesis, 
a thesis which is so difficult to verify through sensory means. 

Before turning to the chapter itself in which Aristotle establishes the 
universe's sphericity, let us remind ourselves of where this fits into his 
study of the “heavens.” Relying on considerations which are based on 
anything but observation or experience, Aristotle determined that the 
universe was an entity which involved perfection in its very concept, 
on the one hand, because its body is itself perfect—it is at the peak of 
an ascending succession of realities—and, on the other hand, because 
the universe is completely perfect in that it comprises the totality of all 
currently existing bodies. Furthermore, this universe is complete and 
unique, without a beginning and without possibility of corruption. It also 
incorporates an eminent component, the fifth element, whose essential 
property is to move in a circle. Being an animated entity, the heavens 
have absolute directions: high and low, left and right, forwards and 
backwards.’ Commentators have been much engaged in assessing the 


7 See Lennox (2009) in this volume. 
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epistemological position of the arguments Aristotle employs to establish 
the properties of the heavens, because, in a treatise which, from its 
very first sentence, places itself within the cadre of natural philosophy, 
Aristotle resorts principally to lines of reasoning which depend little 
upon observation and experience. By the example of Paul Moraux, we 
have seen the sorts oferroneous interpretations that these data could give 
rise to. However, we have also seen what Robert Bolton (2009) can offer 
by way of opposition to these mistakes. 

And so, Aristotle establishes the sphericity of the universe in De caelo 
2.4. That the spherical nature of the universe (the meaning of which 
we will examine in greater depth) has not been introduced until this 
moment, after the series of properties given in book 1, is without doubt 
because the acknowledgement of the universes sphericity is a sort of 
prerequisite to the study of celestial movements which Aristotle begins to 
undertake in the next chapter. The structure of the chapter is as follows. 
First of all, Aristotle announces the thesis which he is about to explore, 
namely, that the universe is spherical (286b10-11). He then proposes 
(286b11-287a2) general reflections on the figures or shapes that the 
universe might have, reflections which have either been considered as 
forming arguments in themselves (some, such as Thomas Aquinas, have 
even regarded them as the most convincing arguments in favour of the 
thesis), or as being linked to the following paragraph in order to form 
the “first” argument. They have also been considered as a reservoir of 
ideas which are then utilised within various other arguments of the 
chapter. This is a problem which we will try to tackle later. Next come 
four arguments which have been neatly separated by the commentators 
(287a2-11; 287a11-22; 287a23-30; 287a30-b14), before some lyrical 
final considerations (287b14-21) in which a hint of Platonism has been 
noted. However, if we want to draw a general lesson from the line of 
argument proposed by Aristotle in chapter 2.4 by gaining a more precise 
idea ofthe form of these arguments and their epistemological position, it 
is necessary to define, above all things, the nature of the thesis, or theses, 
that these arguments are supposed to establish. 

This thesis is announced in the very first sentence of the chapter.? It 
has been generally and perhaps unanimously understood as an assertion 


8 There are several ways in which this sentence can be understood. It seems to me, in 
fact, that since the expression “primary by nature" (t puoet oov) can only be applied 
to the form, the same must hold for the expression “the most appropriate with regard to 
its substance" (oixeióvaxov ti odoiq.). Therefore, the text means “It is necessary that the 
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that the universe as a whole has an external spherical form. Having 
recognised that Aristotle aligns himself with the “spherists” in opposition 
to those who prefer to give the world a flat form such as that of a drum, 
interpreters commenting on this chapter have struggled to assess how to 
connect and differentiate Aristotle’s views and those expressed in Platos 
Timaeus or the doctrines put forward by the Eleatics, for example. This 
unanimous effort on the part of the commentators is worthwhile given 
that in this chapter, there is indeed a demonstration of the thesis that the 
exterior envelope of the universe is spherical. Thus, the whole of the first 
part, which I have designated as general considerations upon the figures, 
prepares the way for the thesis of the sphericity of the world’s envelope, 
which is established in the first lines of the first argument. The general line 
of this argument is as clear as its details are obscure and difficult.’ It goes 
as follows: granted that the circle is primary among the plane figures (a 
premise which is unused at this point), and the sphere is primary among 
the solid figures, “since the first figure is that of the first body, and since 
the first body is the body located in the outermost revolution, then the 
body which undergoes a circular revolution will be spherical” (287a2-5). 
Let us call this thesis that the external envelope of the universe is spherical 
Ti: 

The status of this argument which establishes T is also fairly clear. The 
thesis according to which the first body possesses the first form is a tele- 
ological principle comparable to those often voiced by Aristotle (“nature 
does nothing in vain,” “nature always does the best,’ and so forth). More 
precisely, this principle expresses what could be called internal adapta- 
tion, which determines, for example, that nature gives the appropriate 
organs to whoever is most capable of using them, just as one gives a flute 
to someone who knows how to play it (cf. De part. an. 4.10, 687a9); only 
the mode of expression is different. The idea that the hierarchy of forms 
corresponds to the hierarchy of bodies is evidence of natures perfection, 
which is not expressed under the providentialist or intentional forms 
habitually used by Aristotle in biology, when, for example, he compares 
the nature of an artisan or the master of a house. Several commentators 


Heavens have a spherical form, because this is the form both most appropriate with regard 
to its substance and primary by nature,’ whereas some translators have understood this 
to mean that the spherical form is the best suited to the substance of the Heavens. This is 
not, however, of the utmost importance for my present argument. 

? For example, the allusion to “those who order figures according to their numbers" 
(286b33), is not only historically opaque, but also difficult to understand in the argument 
which Aristotle proposes. 
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(see Leggatt 1995, 231) have attempted to interpret the expression “first 
body” as having the same meaning as it does elsewhere in the De caelo 
where it designates the fifth element moving in a circle, which the post- 
Aristotelian tradition would later call ether. However, Aristotle excludes 
this interpretation by specifying that by “first body” he means “the body 
located in the outermost revolution.” Here, therefore, and in the passage 
quoted above, the expression “first body” designates the sphere of the 
fixed stars.!? 

Having established Tı, Aristotle then introduces another thesis which 
states that the universe is spherical “in depth,” i.e. that it is comprised 
of concentric strata which are spherical both internally and externally. 
This spherical structure extends into the supralunary region as well as 
the sublunary, where, unsurprisingly, it is not quite as fully accomplished. 
These theories are consistent with Aristotles customary usage of the 
term “heavens,” which designates the universe in its totality. Let us call 
this thesis, which states that the universe is an interlocking network of 
spherical homocentric strata T2. The establishment of T; leads Aristotle 
to introduce into his argument a distinction between three regions of the 
universe: the sphere of the fixed stars, the region where the planetary 
movements take place,!! and the sublunary sphere. 

This development raises a simple question: which is the one, or at 
least principal object of our chapter, T; or T2? In other words, when 
Aristotle says at the beginning of the chapter that "the heavens must 
have a spherical figure,” are we to understand that the sphericity which 
he has in mind is a sphericity in depth? It is hard to deny that T3 is richer 
in content and more interesting than T, from both a cosmological and 
philosophical point of view. However, if the chapter does indeed aim to 
establish T5, this seems difficult to reconcile with some of the arguments 
identified by the commentators. Let us examine these arguments, one 
after the other. 

What can be regarded as the first argument establishes both T; and 
T». Roughly speaking, it seems to define T; in the following manner: if 
the exterior figure of the universe is spherical, according to the already 
established T;, the body which fits perfectly into the interior would 


10 Simplicius (Heiberg 1894, 408.1) explains that the body the movement of which is 
not irregular is said to be first. 

1 There is really no reason to replace the word “planets” in De caelo 2.4, 287a9, as 
Allan (1955) and Longo (1961) have done. This is not the only occurrence of the word 
in De caelo (cf. 2.2, 285b28), where the expression "errant stars" can also be found. The 
region of the planets is entirely composed of the fifth element. 
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also have to be spherical. Gradually, therefore, we recognise that all the 
strata which constitute the world must also be spherical. The part of 
the first argument which establishes T? is thus dependant upon T; as a 
principle. The argument itself could be regarded as a bit of elementary 
geometry, once we subscribe to a fundamental principle of Aristotles 
physical theory which is not evoked here, according to which there is 
no empty space in the universe, because whatever is contiguous!” with 
something spherical must itself be spherical. Nevertheless, this argument 
is remarkably weak. If the part of a shell which touches the inside of a 
sphere is in fact spherical, this says nothing about its other side, the one 
which is closer to the centre of the universe. Alexander of Aphrodisias 
makes this objection, but addresses it to the fourth argument of our 
chapter (apud Simplicium in Heiberg 1894, 414.30). It may be agreed, 
certainly, that such criticism has no force with regard to the supralunary 
sphere because that region is entirely composed of an element whose 
principal property is to move in a circle. So, in this region of the universe, 
the presence of an externally spherical and internally polygonal shell 
made of the fifth element makes no sense. However, the criticism does 
have force with regard to the sublunary sphere. It should also be noted 
that T» inherits Tys force of conviction as well as its faults, in that T, is a 
teleological thesis based upon geometrico-numerological speculations of 
a Pythagorean nature. Moreover, if it is true that T is ill-founded because 
itis based upon neither observation nor experience, then T; will also lack 
a firm empirical foundation. 

Concerning what the commentators designate as the second argu- 
ment (De caelo 2.4, 287a11-287a22), the objective is clear. This argu- 
ment intends to establish Tı, without any regard for T2. Briefly sum- 
marised, it goes as follows: if the universe as a whole was a polyhe- 
dron, its revolution would occupy a larger space than its volume. Now 
on the one hand, the universe is animated by a revolving motion— 
“which is both observed and assumed as a principle" (287a11)—and 
on the other hand, it has been established that there is no empty space 
beyond the sphere of the fixed stars (cf. 1.9, 279a11). In the second 
part of the argument (287a19-22), Aristotle considers the idea that the 
universe has a shape with a regular curve (he provides the example 
of a lentil shape, or that of an egg), only to conclude that this con- 
cept brings him back to where he started, given that the rotation of a 


12 “Contiguous” as used in the text (28726) should be taken in a looser sense than 
Aristotles customary technical usage of the term. 
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such a universe would occasionally leave a space empty. This analysis is 
open to dispute and has indeed been contested. Alexander, for example, 
observed that a lenticular or oviform shape, as well as a cone, cylinder 
or rhomboid, could actually turn on itself without occupying a space 
any larger than its volume. Still, this argument introduces a new aspect 
in that T, is no longer founded upon what I have called geometrico- 
arithmological speculations. At present, T; has found a more physical 
basis, namely, the empirical observation of the rotation of the sphere of 
fixed stars. 

In fact, one possible response to Alexander's objection is very relevant 
to our own intentions. The difference between a sphere and a lentil is that 
it is possible for a lentil to rotate without leaving any space, but only when 
it rotates about one of two axes perpendicular to one another. The sphere, 
on the other hand, can manage this if it rotates about an axis along any 
diameter. Therefore, if it is a matter of deciding the exterior form of the 
universe, then Alexander’s objection is perfectly well founded: the uni- 
verse could have the form of an egg or a lentil, for instance, without leav- 
ing any space empty around its rotation. Nevertheless, what is lost with 
the idea of an oviform or lenticular universe is the concept of the system 
of homocentric spheres, as adhered to by Eudoxus or Aristotle, which 
provides an explanation for planetary movements. We know, in fact, that 
in order to reconcile the apparently irregular movements of the planets 
to the idea of nested spheres homocentric about the Earth, Aristotle fol- 
lows in the footsteps of Eudoxus and Callippus by having each of these 
spheres turn about an axis which is a diameter of another sphere. Taking 
into account this complex mechanism, Aristotle's objection applies com- 
pletely: if the movement of a planet is the result of the rotational com- 
position of several lenticular bodies, the space taken up by these rotating 
bodies would be greater than their volume. We can only suppose, there- 
fore, either that Aristotle had only the external envelope of the universe 
in mind and simply neglected to think about the solid shapes mentioned 
in Alexander's objection,” or that, as he saw it, one of the superior aspects 
of the spherical shape is that it allows for the proper nesting of rotating 
spheres. Alexander is thus correct: this argument does not establish T;. 
Nevertheless, it renders T; quite possible. We can even go as far as to 
say that in considering T; from a more physical point of view, that is to 


13 Xenarchus of Seleucia also reproached Aristotle for not having seen that the helix of 
a cylinder was a simple curve along its straight side and around the circle, "because each 
of its parts corresponds to any other" (Heiberg 1894, 13.22). 
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say, a more scientific one, the second argument lends T; a greater solid- 
ity because in the previous argument T; was established on the basis of 
Ti. 

The third argument (287a23- 30) rests upon a property which is attri- 
buted to the sphere of the fixed stars: the movement of the heavens is the 
fastest of motions. This property does not only feature in the De caelo, 
it is also to be found in Meta. 10.1, 1053a8-12. In book 8 of the Physics, 
Aristotle showed that the movement of the heavens was primary, eternal, 
continuous, and uniform, without mentioning its velocity. In 8.9, 265b8, 
this movement was declared "the measure of the other movements? 
When it comes to our passage of the De caelo, the line of argument seems 
to be as follows: 


The movement of the heavens is eternal, continuous, and uniform; there- 
fore, it isa measure for all other movements. The measure is the minimum; 
therefore, the movement of the heavens is the least movement, that is to 
say the shortest and the fastest. The fastest movement takes place along the 
shortest trajectory. The shortest trajectory which leaves from and returns 
to the same point is the circle. Thus, the movement of the heavens is a cir- 
cular motion. Therefore the heavens are spherical. 


I am not too interested in the finer details ofthe argument nor in the sig- 
nificant textual difficulties which allow for several different readings.!* 
Thus, I have no views on what Aristotle precisely means when he says 
that "the least of the lines which leave from and return to the same point 
is the circumference of the circle" (287a27-28). Simplicius resolved this 
problem by identifying an allusion to what geometers would later call 
isoperimetry: the idea that, on any given surface, the smallest perime- 
ter which can bound this surface is a circle. This means, in stereometric 
terms, that the smallest surface which envelops a given volume must be a 
sphere. Simplicius himself indicates that this theorem had not been pre- 
sented before Archimedes or Zenodorus, and that at the time of Aristotle 
it was only known about "in general? It is, thus, entirely possible that the 
thesis of isoperimetry had been put to use before being formally estab- 
lished. Furthermore, it does not seem particularly useful to introduce the 
notion of velocity here. 


14 [n 287a27, Alexander’s reading as reported by Simplicius (Heiberg 1894, 412.11, 
413.10) Oto Tod adTod śni TO GTO seems better. Allan (1955) and Moraux (1965) chose 
cg’ adtot eq’ abt, which would mean “the lines which leave from themselves to return 
to themselves.” 
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What interests us in this argument is, first and foremost, Aristotles 
goal. It seems that this third argument, in the same way as the second 
argument, aims to establish Tı. The main subject of the study, namely, 
the part of the heavens which performs this "final revolution" is, in 
fact, the sphere of fixed stars. Once again, Aristotle offers a basis for 
Tı which seems much more secure than the one which produced his 
considerations regarding the correspondence between the first figure 
and the first body. It is an argument which could be described as both 
geometric and kinetic. On the other hand, there is no trace of T2. 

The situation is quite different, however, with regard to the fourth 
argument. "One may also,” writes Aristotle, "derive just this conviction 
from the bodies situated about the center of the universe" (287a30-31). 
This "conviction" is Ty. The approach here is actually inverse to that of the 
first argument. Aristotle goes on to show that the structure ofthe universe 
is a series of spherical layers and that, therefore, the outer envelope of 
this universe is also spherical. In other words, he demonstrates T; by 
supporting it with T» in a line of reasoning which appears to be heavily 
“physical.” Aristotle in fact proposes, by way of a supportive structure, an 
argument based upon an empirically observed premise: when he speaks 
of accepting "the hypothesis that water by nature flows always into what 
is more hollow" (287b5), it probably indicates the "sensible obviousness" 
which Aristotle uses as the foundation to all his physical speculations 
(cf. 3.7, 306a17). The faults in this reasoning, which come under the same 
criticism as the one addressed in the first argument, were recognized by 
commentators in antiquity. Alexander brought to light the fact that, if the 
surface of the water is spherical and the layer of air adapts itself perfectly 
to the layer of water, this means that the internal surface of the air must 
also be spherical. Nonetheless, this proves nothing about the external 
surface of the air, which is in contact with the fire. 

As a matter of fact, these four arguments establish Tı. This is less 
apparent in the first argument because T seems to be established straight 
away: "Since the first figure is that of the first body, and since the first 
body is the body located in the outermost revolution, then the body 
which undergoes a circular revolution will be spherical" (287a2-5). This 
thesis, though, is deduced from the general considerations on the figures 
which come at the beginning of the chapter, and so I believe that these 
considerations should be viewed as part of the first argument. T; only 
surfaces in the first and fourth arguments. In the first, it is shown to bea 
consequence of T;; and in the fourth, it represents a starting point for the 
establishment of Tı. We can take this a step further by pointing out that 
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the arguments in favor of T; gradually increase in strength, according 
to the physical criteria mentioned above. The first argument establishes 
T; from speculations of a “transcendent-geometrical” nature; the second, 
from a combination of geometry with a physical proposition (there is no 
empty space); the third, from geometrical and kinetic considerations; and 
the fourth, by induction from sensory observations. So far as establishing 
T, goes, the arguments progress as if the “easy” direction offered by 
the first argument is just not sufficient, with Aristotle adding various 
arguments until he finds one which is truly physical and, therefore, 
appropriate to the research carried out in the De caelo. This physical 
argument relies upon T; and particularly upon its establishment through 
sensory data. 

Is this sheer incoherence? Are we simply caught up in a vicious circle, 
where the first argument appears to establish T; out of T; and the fourth 
produces T; out of T5? In other words, why does Aristotle not begin 
with the fourth argument, given that it simultaneously establishes T; on a 
physical basis whilst also constructing T; which is necessary for the con- 
tinuation of the De caelo? The reason for this, it seems to me, is that T, 
retains a pre-eminence over T>, because, to employ Aristotelian terms, 
it is naturally prior to T». In fact, it is because the supralunary region is 
spherical that the sublunary region is the same and not the opposite, and 
it is because the sphere of the fixed stars is spherical that the supralunary 
region is the same and not the opposite. The sphere of the fixed stars 
is effectively a principle for the entire universe, while the supralunary 
region does the same for the sublunary region, where sphericity begins 
to degrade and continues to do so the nearer one approaches the cen- 
ter of the Earth. In this way, the first argument exposes the sequence 
of causes according to nature. Indeed, the course that leads from T; to 
T» and back in the other direction illustrates the distinction made by 
Aristotle between deductions which start from principles, and induc- 
tions which lead towards them. In this case, it is Tı which represents 
the principle itself, whereas T, is a property deduced from the princi- 
ple. 

However, the version of T; which appears in the first argument (T2,) 
is not identical to that made in the fourth (Tæ). T2, is actually a prop- 
erty deduced from T; as a principle. Alexander's argument takes little 
effect under these conditions because, if the outer envelope of the heav- 
ens is spherical and the world is composed of concentric spherical rings, 
it is not simply for the reason that whatever is contiguous with a sphere 
must be spherical but, more fundamentally, because the entire universe 
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is filled with a desire to imitate the sphere of the fixed stars, which is 
directly moved by the Prime Mover. T», on the other hand, is inferred 
from the natural properties of water, “that the surface of water is spher- 
ical, is clear for those who accept the hypothesis that water by nature 
flows always in what is more hollow" (287b4-6). The sphericity of water 
cannot, in any case, be used as a principle to explain the sphericity of 
the air, an observation which here gives strength to Alexander’s objec- 
tion. 

It is also worth noting that, so far as Alexander is concerned, the 
fourth argument is only coherent when it is confined to the sublunary 
region and does not seek to establish T;. He proposes to salvage Aristotle's 
argumentation in the following manner: 

Humid air, like water, runs into hollow space in such a way that its external 
surface becomes spherical. Therefore, the internal surface of fire which 
adapts itself to fit the air must also be spherical. “Its external surface is 


also certainly so, if the divine body [the ether] is so, as it has been shown 
earlier” (Heiberg 1894, 415.2-4) 


It is hard to tell whether Alexander establishes this property of humid 
air by experience (observation) or through a direct analogy between 
water and humid air when regarded as two fluids. What is certain, is 
that this property of air is not deduced from Tı. However, in order that 
this empirical argument may be used to infer the sphericity of each layer 
in the sublunary region, the outer layer of the supralunary region must 
necessarily be spherical. Aristotle's argument only recovers its force when 
it abandons its proposed aim, which is to establish T; out of T2. T; must 
consequently be established elsewhere. 

The fourth argument, therefore, has a paradoxical nature. In one sense, 
it is the strongest epistemological argument for establishing T; because it 
is the most “physical.” In another sense though, it is the weakest because 
Alexander’s objection applies most fully. To regard the situation in a 
negative light, the way in which T, is produced in the first argument is 
not “physical” enough, and its establishment by induction in the fourth 
argument causes it to run up against the difficulties pointed out by 
Alexander. Consequently, it is within the second and third arguments 
that T; is most effectively established. The difficulties with T5, on the 
other hand, are not quite the same. T» is established in two different ways: 
in the first argument, it is deduced from T; as a principle (T2,); and in the 
fourth, it is derived empirically (T>%). In the first case, T is established 
more securely for the supralunary region; and in the second case, for the 
sublunary. It can, therefore, seem that the two arguments in which T» 
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appears are in competition with each other to establish T more firmly. 
It must, thus, be remembered that De caelo 2.4 only partially manages to 
establish T; upon a properly physical basis, but that it does succeed in 
establishing T2. This could even be considered as the principal object of 
the chapter, even if its "official" aim is actually to establish T;. 


3. The physical basis supporting 
the doctrine of the universe’ sphericity 


T» is not completely established until 2.14, where Aristotle demonstrates 
the sphericity of the Earth using three arguments. The first rests upon 
both the notion of natural movement towards a particular place, and 
upon the idea that a clustering of material around a center (where the 
tendency of each matter particle is to move as close to the centre as 
possible) will form a sphere: "that, if the parts move from all directions 
towards a unique center in the same way, it be necessary that the bulk 
they constitute must be equal in all directions, this is clear. ... But such 
a figure is a sphere” (297a18—25). 

The second argument is based upon the downward movement of two 
bodies which, because their trajectories are not entirely parallel, converge 
towards the center of the Earth. Scholars are unclear about on what 
experiential basis Aristotle formed such a conviction. I am inclined to 
think that it is constructed in the imagination and not founded upon any 
observation; and this is, in my view, what Aristotle himself says at the 
introduction to his last argument: "Further support [for the sphericity 
of the Earth] also comes from perceptual evidence" (297b23-24), an 
expression which suggests that he considered the trajectory of falling 
bodies not as an object of observation. The "phenomena" referred to by 
Aristotle are the lunar eclipses, in which the line which limits the Moon 
is convex; and given that the eclipse takes place due to the interposition 
of the Earth, it may be concluded that the Earth is spherical. It should 


15 Moraux (1965, cxxxi note 2) has suggested that it comes from an observation not 
unlike the one used by Eratosthenes in order to demonstrate the sphericity of the Earth: 
at a place situated under the tropic during the summer solstice, the trajectory of a stone 
falling into a pit strictly follows the rays of sunlight falling into the same pit. However, 
the trajectory of the stone creates an angle with the rays at places further away from the 
tropic. 

16 Alan Bowen has pointed out to me that this reasoning is flawed, given that there are 
an indefinite number of forms which could project a curved shadow onto a sphere. 
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be remarked upon that this is not simply a “crude” observation, but one 
which must be combined with a developed astronomical knowledge in 
order to know the true cause of the eclipse, the interposition of the Earth 
between the Sun and the Moon. 

It seems that these three arguments become stronger one by one, if 
their force is to be measured by their degree of proximity to sensible 
perception. In any case, we have in De caelo 2.14 a solid “physical” basis 
for T», which becomes further edified the more Aristotle considers the 
inherent constraints of the sublunary region. At the end of the second 
argument, in fact, he concludes that “the Earth is therefore spherical, or, 
at least, its nature is to be spherical. But one should speak of each thing 
as being what it tends to be by nature and is actually by nature” (297b20- 
23). This contains an allusion to the irregularities in the Earths surface, 
which do not in any case constitute a disclaimer or an exception to T; 7 

T» also bears a strong unifying factor for the universe in that this 
spherical structure encompasses both the sublunary and supralunary 
regions. I should now like to examine the consequences of this layered 
universe for each of these domains. 

The establishment of T; has an enormous scope with regard to the 
supralunary region. It would here seem advisable to return briefly to a 
doctrine which we have already mentioned. We know that in order to 
explain the planetary movements Aristotle adopted the system of homo- 
centric spheres invented by Eudoxus and corrected by Callippus. Simpli- 
cius even claims that Callippus had revised Eudoxus system in collabo- 
ration with Aristotle, but it is difficult to decide whether this affirmation 
has anything other than chronology in its favour. There is, however, a 
fundamental difference between the systems of Eudoxus and Callippus 
and that of Aristotle, which has been well noted by the commentators 
(cf. Duhem 1913, 126). According to a tradition, notably that reported 
by Simplicius, Eudoxus was attempting to resolve a problem which had 
been put to him by Plato: how can the movements of the celestial bod- 
ies, and in particular the apparently erratic movements of the planets, 


17 [n Meteor. 1.3, 340b33, Aristotle divides the layer of air which surrounds the Earth 
into two parts; one which is created by the general movement ofthe world and the another 
which is included in the circumference “which makes the Earth completely spherical? a 
reference to the air which makes up the space between the deepest valleys and the highest 
mountains. It is doubtlessly necessary to consider that the irregularities of the sublunary 
region also account for the fact that sometimes it is air which is in contact with earth and 
sometimes water. 


182 PIERRE PELLEGRIN 


be explained using only circular orbits, the circle being the only type of 
line which is compatible with the supposed perfection of the celestial 
region? His response, however, was purely astronomical. He conceived 
of a system of spheres explaining the apparent movement of each planet, 
but each of these systems was treated as an independent mechanism. It 
is probable that Eudoxus and Callippus actually believed in the existence 
of these spherical globes; but in any case, they were content to draw up 
a model which simply made the movements of each planet intelligible. 
For Aristotle, on the other hand, the study of the heavens was classified 
as physical theory. His response was to create a real model supported 
by the fundamental principles of his physical theory. In such a model, 
the different mechanisms which move the different planets could not 
possibly be independent of each other because this would involve them 
being separated by an environment which does not transmit motion, that 
is, by an empty space. Indeed, we know that Aristotles universe contains 
no emptiness; hence the idea of compensatory spheres which are added 
by Aristotle to give a physical basis to the independence of each planetary 
mechanism. 
From this, we can begin to understand what Aristotle is referring to 
when he distances himself from Callippus in Meta. 12.8: 
But it is necessary, if all spheres altogether are to explain the phenomena, 
that there be other spheres for each of the planets, one fewer than those 
supposed (by Callippus), which counteract the ones already mentioned, 


and bring back to the same position the first sphere located the furthest 
from the star. (Meta. 1073b38-1074a4) 


It is, therefore, necessary that the exterior sphere of the system of spheres 
belonging to each planet not be affected by the motions of the spheres 
in the systems above it, so that the planet may retain its proper place 
and motion in the overall cosmic system. If, hypothetically, each planet 
had a number of compensatory spheres equal to its number of motive 
spheres—five for the Moon, the Sun, Mercury, Venus and Mars, and four 
for Jupiter and Saturn—then each system of spheres corresponding to 
a planet would be independent and all in all, immobile. Nevertheless, 
since all these systems share a common feature, namely, having a sphere 
which turns from East to West in the space of a day, we can retain this 
movement for all the spheres in the universe, which means adding a 
number of compensatory spheres equal to the number of spheres in each 
system minus one. Therefore, each system of spheres transmits this single 
diurnal movement from east to west to the one below it, meaning that 
the total collection of spheres will be transported according to the daily 
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movement of the sphere of the fixed stars."* Furthermore, the notion that 
each system of spheres receives the some motion from the preceding 
system and transmits it to the following one fits better with Aristotles idea 
of a universe without empty space, in that all the spheres are in continuity 
with each other. In attempting to apply a principle of economy—a test of 
the perfection of the overall system—it seems that Aristotle saves himself 
the trouble of attributing a primary sphere to the system of Saturn, the 
planet furthest from the Earth. The sphere of the fixed stars may, in effect, 
perform this role because this would conserve the diurnal movement 
from east to west for the entire universe. In this way, Aristotle calculates 
55 spherical globes for the whole universe excluding the sphere of the 
fixed stars,” in contrast to Eudoxus’ 26 and Callippus 33. 

Aristotle's astronomical system, therefore, supposes Tı; however, it 
could even do without it. As soon as the fixed stars are animated with 
a circular motion, one can imagine that the framework which carries 
them would not be spherical without ruining this astronomical system. 
Of course, this fault would be much more serious because it would be 
somehow metaphysical, so firmly was it accepted that the perfection of 
the universe would require a spherical envelope. On the other hand, 
the system of concentric spheres when regarded as a physical system 
absolutely requires T5, or at least the “part” of T? which concerns the 
supralunary region. Aristotle in fact, like Eudoxus and Callippus, felt 
no need to resort to epicycles or eccentric spheres in order to explain 
planetary movements. The supralunary region is, thus, a collection of 
spherical rings in contact with each other and also concentric with the 
Earth as the center. 

Let us now return to the variable strengths of Aristotle's arguments. A 
closer look at T; reveals a physical foundation for an astronomical model, 


18 Simplicius (Heiberg 1894, 498.1-504.15) reports that Sosigenes highlighted a flaw 
in Aristotle’s theory which does not seem entirely unfounded. Let us suppose, for exam- 
ple, that what Aristotle says applies to Saturn. Saturn’s system of spheres would transmit 
to the system below it, that of Jupiter, the single diurnal movement from east to west. If 
this is the case, then what is the point of the exterior sphere of Jupiter’s system, which is 
already supposed to be animated by this daily movement? 

1? In Meta. 1074a12-14, Aristotle makes a remark which has spread much confusion 
among the commentators: "If one does not add to the Moon and the Sun the motions we 
have mentioned, all the spheres will be 47? Perhaps, as has been suggested by T.-H. Martin 
(1871) following pseudo-Alexanders commentary on the Metaphysica, Aristotle is trying 
to distance himself from Callippus’ reform of Eudoxus' system for the Sun and the 
Moon. 
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which, by its very nature, cannot admit any such foundation. Concen- 
tric spheres like those of Eudoxus are in fact imperceptible, even indi- 
rectly through their effects: indeed, it would seem that Aristotle con- 
siders them invisible, unlike the visible stars which they carry—despite 
the fact that both are made up of the same material.”° T», nevertheless, 
when coupled with the principle that the universe contains no empty 
space, provides an indispensable empirical basis (concerning the system 
of homocentric spheres) to pass over from an astronomical model which 
aims to “save the phenomena” in the manner of Eudoxus and Callippus 
to an actual, existing network of real, existing spheres. In this respect, 
the final argument of De caelo 2.14 is of particular significance. It pro- 
vides the only empirical basis which allows one to ascertain the reality 
of Callippus’ system as revised by Aristotle—i.e., with the addition of 
compensatory spheres—by making it a genuine object of the science of 
nature. 

Regarding the sublunary region, T» is no less important. It would cer- 
tainly not bring the fundamental division of the Aristotelian universe, 
namely, that of the supralunary and sublunary regions, into question; 
but, as I have already indicated, T; is a strong unifying factor in the uni- 
verse. It is, in the first place, worth noting that our knowledge “ascends” 
from the sublunary to the supralunary region, that is to say, from a less 
noble region to a more noble one. However, after all, one of Aristotle's 
constant doctrines is the idea that knowledge can take two opposing 
directions, one which begins with something that we know better our- 
selves and moves towards something that is more knowable by nature, 
and one which moves in the reverse direction. Nevertheless, the true sci- 
entific procedure is to begin with something that is more knowable by 
nature, using the other procedure as a sort of preparation.?! We can- 
not assert that the celestial vault is spherical simply because the layers 
of water, air, and fire are of this shape, but rather because the sublu- 
nary elements are more or less perfect spherical shells due to the fact 
that the supralunary region has a spherical structure. The sphericity of 
the supralunary region, and more precisely, the sphere of the fixed stars, 
acts as the principle because the properties of the celestial bodies and 
regions which Aristotle studies in the chapters following book 2 of De 
caelo depend, directly or indirectly, on the sphericity of the universe. 
We know, in fact, that between chapter 4, which is dedicated to the 


20 Aristotle does not give a reason for this difference. 
?! This idea is best summarised in Phys. 1.1, despite an unusual use of terminology. 
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spherical form of the universe, and the two final chapters of book 2, which 
deal with the Earth, Aristotle considers the movement of the sphere of the 
fixed stars, then the stars, their movements, their order, and their form. 


4. Conclusion 


The sphericity of the world's envelope (T1) is therefore, not fully proven 
by “physical” arguments. This should not surprise us, given that it is a 
phenomenon which cannot be grasped by the senses in that it belongs 
to a form of reality which physical theorists must examine using alter- 
native methods for lack of anything better. In any case, the impressions 
we can gather from a brief reading—that T, is established “from two 
sides, “descending” and "ascending"—seem deceptive. However, with 
the opportunity to demonstrate Tı, Aristotle introduces another thesis 
which is much more important for his cosmology, T», a thesis which is 
simultaneously deduced from T; as a principle and established with phys- 
ical arguments, at least in the case of the sublunary region. 
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DE CAELO 2.2 AND ITS 
DEBT TO THE DE INCESSU ANIMALIUM 


JAMES G. LENNOX’ 


1. Introduction 


In De caelo 2.2, Aristotle considers the questions whether it is legitimate 
to apply the principles "right" and "left" to "the body of the heaven" and 
if so in what manner to do so. This essay examines his attempt to answer 
those questions. The examination has three goals: 


(a) to understand Aristotles appeals to his conclusions about such “di- 
rectional" principles in the De incessu animalium, and to assess his 
grounds for doing so, 

(b) to determine whether his assertion, during the course of this discus- 
sion, that "the heavens are ensouled and have a source of motion" (De 
caelo 2.2, 285a29-30) plays a significant role in his argument, 

(c) to draw out some of the implications of this discussion for how we 
should understand the logical and explanatory structure of Aristotles 
science (or philosophy) of nature. 


I will contend that a significant epistemological problem lies behind the 
appeal to the De incessu in this passage, and that Aristotle was fully aware 
of it. 


2. Cosmic dimensions and cosmic directions 


Aristotles De caelo begins by declaring that the science of nature appears 
most of all to be concerned with bodies, magnitudes, their affections 
and their changes, but also with the first principles! of such substantial 


* History and Philosophy of Science, University of Pittsburgh. 
1 I will adopt the following policy for translating Gey}: where it appears clearly to 
refer to the starting points ofa science, I will use the term "principle"; where it appears to 
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beings.* This claim rests on ontological grounds—things constituted by 
nature either are bodies and magnitudes, have body and magnitude, or 
are the first principles of things having body and magnitude (268a1-6). 
Moreover, each of the natural bodies that constitute the cosmos is said 
to be complete in so far as it has all three of the dimensions of magnitude 
(n&oag yao Eye TAG ÓLALOTÓOELG, 268b7), i.e., in so far as it is divisible in 
length, breadth, and depth. Here, then, ó1aoTdotg is naturally rendered 
“dimension” and refers to precisely what we designate by that English 
word.? 

At the beginning ofthe second book, after reviewing weaknesses in the 
arguments of those who deny that the heavens are eternal, Aristotle con- 
siders whether the right and the left are among the principles of natural 
bodies—an idea defended, we are there told, by the Pythagoreans.* 


Since there are some, such as those called Pythagoreans (for this is one 
of their statements), who claim there to be a certain right and left to the 
heavens, one should investigate whether this is so in the way they claim, or 
in some other way—if indeed one ought to apply these principles (tavtas 
Tag doXds) to the body of the whole cosmos. (284b6-10) 


refer to the source or origin of a change of any kind, I will use the term “source.” A generic 
translation that could vaguely cover both ideas is “starting point.” Even with this policy, 
however, there are unavoidable problems. The notion ofa scientific starting point harbors 
an ambiguity which one encounters in Aristotles Greek and which renders the above 
distinction suspect—Aristotelian science is above all the identification of causes and the 
production of demonstrations from premises that identify the causes of the facts being 
demonstrated. So "scientific principle" may refer to the primary premises of a scientific 
demonstration or to the fundamental facts identified by those premises. And since some 
of those fundamental facts turn out to be the causes of those stated in the conclusion, the 
line between "principle" and "source" is not clear-cut. As the entries in Meta. 5.1, 2 and 4 
make abundantly clear, Aristotle was fully aware of this problem. 

? See Johansen (2009, 10-13), for the significance of this starting point in understand- 
ing the relationship between the inquiry represented by Aristotles De caelo and the very 
different project described in Platos Timaeus. 

> This passage also includes an odd endorsement of the Pythagorean dictum that the 
all and everything are defined by threes, a claim that we take the number three from 
nature and make use of it in worship of the gods and a claim that the completeness of 
three is shown by the fact that the first time we say “all” (rather than "both") is when 
we refer to three items. I will take up later the question of why Aristotle stretches in 
these various ways for support of the idea that objects with these three dimensions of 
magnitude are complete objects, but for now it is enough to note that it is part of a set of 
wider epistemological questions raised by the method and style of the De caelo discussed 
in Robert Boltons contribution to this volume. 

^ The actual Greek term used consistently for the object of this natural inquiry is the 
singular noun oveavoc. But English convention uses the plural to refer to the stars and 
planets, while the singular has primarily religious connotations of a dwelling place for 
angels and disembodied souls, so I have been encouraged to use the plural expression. 
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Aristotles reference to the Pythagoreans here raises two distinct ques- 
tions. The more fundamental one is whether these principles are appli- 
cable to the cosmos at all, and in a moment we will see that this is a well- 
motivated question. Assuming the answer to this question is that it is 
legitimate to speak of a cosmic right and left, the next question to ask 
about the Pythagorean claim is whether the heavens have a right and left 
in the way they suppose or in some other way. The very next lines of the 
chapter respond to both questions. 


For first off, if right and left are present in something, then one should 
posit even prior to these the presence in it of principles that are prior 
(ads MEOCTEQAS UroNqniśov drógyeiw doxóg). Now a determination was 
made regarding these matters in our studies of the movements of animals, 
because these principles are proper (oixeia) to the nature of animals; for 
at least in animals it is readily apparent that all such parts (I mean, for 
example, right and left) are present in some animals, some of them are 
present in some animals, while only up and down are present in plants. 
(284b12-18) 


Aristotle claims that these principles are proper or appropriate (olxeia.) 
to the nature of animals, and for that reason a determination about them 
was made in investigations of animal movements (£v toic neol tàs THV 
toov xwnjosrc).? One might suppose this to be a reference to the De motu 
animalium; but in fact it is pretty clearly to the De incessu, specifically, 
to chapters 2, 4 and 5.5 Chapter 9 of the De motu does briefly use the 
notions of right, left, up, and down; but there is no discussion of them as 
principles; and no "determination" is made about them at all. 

In chapter 2 of the De incessu, however, we find a methodological 
discussion of first principles or "starting points" in the study of nature as 


5 It might be thought that this amounts to the claim that the application of these 
principles is therefore restricted to animals, but that cannot be directly inferred from the 
use of oix£ia. For example, a common use of this term in the De caelo is with reference 
to the distinct natural motions of the five different elements (cf. 290a2, 290228, 300222, 
302b5, 303b4). The motion that is shared by air and fire, for example, is their proper 
motion. Considered as the motion of air, upward motion is both proper to it and not 
restricted to it. However, it is restricted to these elements as instances of light bodies 
(which is how they are considered in De caelo 3: cf. 298b7-8: Aounóv 08 regi toŭv óvoiv 
einetv). What can be directly inferred, then, is that under some description right and left 
are restricted to the objects of the De incessu. Note, in fact, that the above quote extends 
the application of up and down to plants. 

$ Cf. Heiberg (1894) 384.9-20; Leggatt (1995) 224; Stocks (1922) 284b14 n. 1; Guthrie 
(1939) 138. It is unfortunate, however, that these commentators and editors do not 
reference chapter 2, which, from a philosophical viewpoint, is critical to understanding 
what is said here. 
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important as any in the corpus, and it will guide us in the interpretation of 
the use of these “directional” principles in the De caelo. But before turning 
to that discussion, it will be useful to look briefly at one of his criticisms 
of the Pythagoreans’ appeal to two of these principles in De caelo 2.2. 
The chapters initial questions concerned the propriety and manner of 
applying the concepts of “right” and “left” to the heavens. Aristotle ini- 
tially remains noncommittal on the question of whether they should be 
applied at all, but he insists that the Pythagoreans have made a method- 
ological mistake. Among these “directional” principles some are prior to 
others, and, in particular, some are prior to “right” and "left? Thus, if the 
Pythagoreans are committed to attributing right and left to the heavens, 
they ought to speak of those prior principles first. And so he goes on: 
And if it is necessary to apply any of these to the heavens, it would be 
reasonable that the one present first in animals be present in the heavens. 
For there are three, and each is as it were a principle (otov Gey vic èotiv). 
The three I am talking about are the above and below, the front and its 
opposite, and the right and the left. For it is reasonable that all these 
[directional] dimensions (tavtac tas óuxováosic) are present in complete 
bodies. And "above" is a principle of length, “right” a principle of width and 
“front” of depth. (284b18-24) 


The dtaotcoeic here are not the standard three dimensions of bodily 
magnitude that one finds in De caelo 1.1, but they are rather three pairs of 
directions. But from this passage it is clear that the two uses of this term 
are, on Aristotle’s understanding, intimately related, for the directional 
attributes are said to be the principles or sources of the three bodily 
dimensions.’ 

Now if the De incessu had not just been referred to as the appropriate 
place to define these principles, it might be just possible to gloss over 
this apparent ambiguity of reference by supposing that “tavtac tac 
diaoTdoets" here refers forward, admittedly in a sloppy and confusing 


7 Interestingly, Immanuel Kant takes the opposite stance and derives the directional 
distinctions from the spatial dimensions: 


Because of its dimensions, physical space can be thought of as having three planes, 
which all intersect each other at right angles. ... The plan upon which the length of 
our body stands vertically is called, with respect to ourselves, horizontal. This hor- 
izontal plane gives rise to the difference between directions that we designate by 
the terms above and below. On this plane it is possible for two other planes to stand 
vertically and also to intersect each other at right angles, so that the length of the 
human body is thought of as lying along the axis of intersection. One of these two 
vertical planes divides the body into two externally similar halves, and furnishes 
the ground of the difference between the right and left side. (Kant 1768/1992, 2: 
375-383). 
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manner, to the dimensions of magnitude mentioned in the next sentence. 
Unfortunately for this suggestion, De incessu 2 introduces, as the second 
of three fundamental “presuppositions” of natural inquiry, the following: 
Next it is necessary to assume how many and what sorts of dimensions 
(51a0Tdoeus) of magnitudes belong to what kinds of things. For while the 
[directional] dimensions (51a01doeig) are six, there are three pairs: first, 

above and below; second, front and back; and third, right and left. 
(704b18-22; cf. De incessu 4, 705a26—29) 


There is no doubt, then, that Aristotle refers to both the three dimensions 
of bodily magnitude and the three pairs of directional orientation with 
the same term (Ói&otaoic), and that he is explicitly connecting them in 
De caelo 2.2: above is the principle of length, right of breadth, and front of 
depth. This allows him, then, to give priority to one of the two contraries 
of directional orientation. 

There are three important conclusions to draw from comparing Aris- 
totles remarks on óióocaoic in the De caelo and De incessu. The first is 
that the two different, though intimately related, uses of the term ói&ora- 
otc in the De caelo strengthen the case for a closer look at the De incessu 
animalium. The second conclusion is that, since Aristotle explicitly refers 
to the "directional" dtaotdoetc as doyai ofthe "dimensional" óraoTdogtg, 
these are not merely homonymous uses of the same word. In some way 
that we must try to understand, Aristotle sees these three pairs of “direc- 
tions" as "sources" or "principles" of the three standard dimensions of 
magnitude. Finally, the third conclusion to draw is that Aristotle is not at 
all clear about whether it is the three pairs of directions that are the prin- 
ciples of dimensionality, or whether it is one contrary of each pair. As we 
saw, the last line of our De caelo 2.2 passage refers to "above" as a princi- 
ple of length, "right" as a principle of width and "front" as a principle of 
depth. Three notes of caution are in order here, however. First, perhaps we 
need to take seriously the lack of definite articles in this claim— Aristotle 
does not say that above, right, and front are the principles of the three 
dimensions of magnitude, only that they are principles. Moreover, two 
sentences earlier the three "principles" seem to be the three directional 
pairs. So the lack of a definite article may be deliberate. Finally, assum- 
ing that what are being discussed in De incessu 2 are true doyai of the 
study of nature, then that chapter is also stating that it is the three pairs 
of directional predicates that are the principles of the three dimensions. 

I should like, then, to recommend a perfectly Aristotelian explanation 
for speaking both of one of each directional pair, and of the pairs them- 
selves, as principles. For Aristotle, pairs of contraries are seldom “equals.” 
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Cold is absence of heat (Meteor. 4.8, 384b28; De gen. an. 2.6, 743a36), the 
female is such due to an incapacity (De gen. an. 4.1, 765a9-10), and being 
musical is both the opposite of, and better than, being ignorant of music 
(Phys. 1.7 passim). Among these directional pairs too Aristotle is quite 
clear on this point: 


For the principle (ex) is honorable, and above is more honorable than 
below, front than back, and right than left. (De incessu 5, 706b12-13) 


We may conclude, then, that the three directional orientations that Aris- 
totle names as "sources" or "principles" of length, breadth, and depth— 
above, right, and front—are the more honorable members of each pair, 
and thus *more principles" than their opposites. However, in the same 
way that form and privation are both said to be Gexat of change in Phys. 
1.7 (cf. 191a12-16), the pairs of directional contraries can, in a restricted 
sense, also be referred to as principles. 

Let us now return to Aristotles consideration of the Pythagorean idea 
that there is a cosmic right and left. There are two appeals to what is 
"reasonable" (evAoyov) in that discussion. The first encourages us to 
suppose that if one of these dimensional pairs is prior to the others in 
the case of animals, so should it be in the case of the heavens. Thus, 
there is a second kind of priority at stake in this discussion: not only is 
one member of each pair prior to the other, the pairs themselves have a 
priority ranking. This gives us one more reason to take a look at the De 
incessu, in order to understand the grounds for prioritizing one pair over 
another. 

The second appeal to “the reasonable" encourages us to believe that 
all three pairs will be present in the heavens, for as we were told in 
the very first pages of the De caelo, the heavens, in the sense of the 
whole encompassed by the outermost sphere? is complete because it 
is the entirety of complete, i.e., three dimensional, bodies. This “good 
reason" thus appeals directly to the opening chapter of the De caelo, 
and provides further evidence that these two uses of ŚróoTaoig are 
intimately related. If directional orientations are the principles of the 
three dimensions of complete bodies and the cosmos is complete (i.e., 
three dimensional), then these pairs of directional concepts must be 
fundamental in cosmology as well. 


8 The three meanings of oboawóg distinguished in De caelo 1.9 are (a) the substantial 
being of the outermost circumference of everything, (b) the body continuous with the 
outermost circumference that includes the sun, moon and planets, (c) the entire body 
surrounded by the outermost circumference (278b11-22). 
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One important motivation for taking a close look at the discussion 
in the De incessu to which Aristotle refers, then, is to understand better 
how these concepts of directional dimension which Aristotle claims are 
proper to the nature of animals are related to dimensions of magnitude 
that seem to apply to any three dimensional body, living or non-living. 
Thus, before exploring De caelo 2.2 further, we should know what exactly 
is said in the De incessu about these “sources” of bodily magnitude that 
are “principles” of natural science. And I will begin with his introduction 
of these concepts as scientific starting points or “principles.” 


We begin the investigation [of the reason why]? by presupposing (dox 
dé ts Oxépews oxotsuévorc) those things that we are accustomed to 
using frequently in the study of nature, assuming (Aafóvteg) that this is 
the way things are in all of natures works. One of these [presuppositions] 
is that nature does nothing in vain, but always does the best for the being 
of each kind of animal given the possibilities—which is why if it is better in 
a certain way, that is also how things are by nature. Again, it is necessary to 
assume (dei Aafetv) [as presuppositions] the dimensions of magnitudes, 
both how many and what sort belong in what way. There are in fact six 
[directional] dimensions, but three pairs, the first above and below, the 
second front and back, and the third right and left. And in addition to 
these [presuppositions it is necessary to assume] that the starting points 
(doyai) of movements in place are pushing and pulling. Now these are 
starting points of motion per se, while that which is transported by another 
is moved per accidens; for that which is transported by something does not 
seem to move itself but to be moved by another. 

(De incessu 2, 704b11-705a2) 


These principles appear to be presuppositions of natural investigation 
in a strong sense, indemonstrable starting points, perhaps. In an earlier 
paper,'? I argued that the full statement of the “nature does nothing in 
vain" principle, the principle identified first here, performs precisely the 
task of a first principle in Aristotles studies of animals.!! The same case 


? The closing lines of chapter 1, to which this sentence is syntactically linked, says 
“For that (Ów uv) these facts about animal locomotion happen to be so is clear from the 
inquiry into nature (tg totogias víjc Qvotijs); we must now investigate the reason why 
(Stott é)” (De incessu 1, 704b9-10). 

10 Lennox (1997) 199-214; repr. Lennox (2001b) 205-224. 

!! There are two uses of the negative principle ("Nature does nothing in vain, or by 
chance") in the De caelo as well, at 271a25 (or a32 if one adopts Moraux’s suggested 
reordering of the text) and 290a30-33. And later in this paper we will have reason to 
look carefully at a use of the positive version of the principle ("Nature always does the 
best among the possibilities”) at 288a2-12, in arguing for the applicability of "front" and 
"back" to the heavens, an especially problematic move. As with all uses of the principle, 
Aristotle proves his conclusion by showing that the contrary would involve something 
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can be made for positing the three pairs of directional dimensions. In 
our De caelo passage, however, their use introduces another sense of 
“presupposition” (Urrodśotg). Aristotle says these Geyai are appropriate 
to the study of animals, and that is why establishing them as doyai 
belongs to another investigation. They are to be used in the De caelo, but 
they are to be properly defined and established elsewhere. 

On the other hand, in the passage that we are now looking at, he 
refers to these as principles that we “use frequently in the study of nature, 
assuming that this is the way things are in all of natures works.” He 
does not explicitly restrict them to the study of animals. We thus are 
left wondering what he means in the De caelo when he claims that these 
principles are appropriate or proper (oixeia) to the nature of animals. 

The first step in answering this question must be to look at the actual 
account of the directional orientations given in De incessu 4 and 5, in 
order to determine how the principles are used there and what is and is 
not appropriated from that discussion for use in De caelo. We will see that 
by far and away the most attention is directed to right and left. We should 
not make too much of this, however. The treatise is a causal investigation 
of animal locomotion; and of our three pairs of concepts only right and 
left are restricted to animals that move from place to place and defined in 
fact by reference to animal locomotion. 

De incessu 4 opens by relating these concepts immediately to living 
things, and in fact to living functions: 

Although? the [directional] dimensions (6wxov&osic) by which animals 
are naturally bounded are six in number—above and below, front and 
back, and again right and left—all living things have the above and below 


part. For above and below are present not only in animals but also in 
plants. It [viz. above and below] is delineated by function and not by 


being in vain, and then uses the principle that nature does nothing in vain to establish 
the conclusion. In this case, uniquely, the principle is “God and nature do nothing in 
vain;' a form of the principle very common in Galen. On these passages, see Leunissen 
(2009) 217-221 in this volume. 

12 "Exel Seiolv ... The syntax of this and the next paragraph is complex. The use 
of śmei with the indicative likely has the concessive force of "although? Aristotle wants 
to begin with a contrast between most animals, which are bounded by six directional 
dimensions, and a wider class of living things (including plants) that is captured if we limit 
the directional dimensions to “the up and down part” (tò uev &vo xai xdrw uóotov). 
The użv at 705228 at first looks to be solitarium, adding emphasis to the dimensions that 
belong to all living things. But the next paragraph begins “Ooa de ui] uóvov Cf GAAG xai 
CHa ou ... I suspect the dé here loosely marks a contrast with the użv clause at a28— 
the contrast is very loose, however, since a group of living things that has directional 
orientations in addition to above and below is being contrasted not with a wider group 
of living things, but with the above and below possessed by that wider group. 
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position in relation to the Earth and the heavens alone. For whence the 
distribution of nourishment and growth comes in each of these things is 
“above,” and the extremity toward which this extends is “below.” The first 
is a sort of source (Gex1) uc), the second a limit; and above is a source. 
(705a26-b1) 


There are three different ways of taking the contrast being drawn here 
between “functional” and “cosmic” up and down, as I shall call them. 


(a) Up and down can be delineated in two distinct ways, either by 
reference to biological function or by reference to the center and 
periphery of the cosmos. 

(b) A full delineation of up and down requires both a reference to func- 
tion and to cosmic orientation. 

(c) Different modes of delineation are appropriate in different contexts, 
or with reference to different kinds of things. 


Aristotles account of these directional dimensions makes most sense if 
we understand his claim along the lines of interpretation (b). For he goes 
on to note, first, that the above and below are positioned alike in plants 
and animals, and then to qualify this claim by saying that “relative to the 
whole [cosmos] they are not positioned alike, but relative to function they 
are (705b4-5). That is (as Aristotle goes on to explain), according to the 
functional account of “above; the roots of plants are above. Moreover, 
we should take this claim to be restricted to above and below. For it seems 
clear that the account which Aristotle provides of front, back, left and 
right is entirely by reference to function and makes no reference to cosmic 
orientation. Thus, he states: 
Both front and back, however, belong to such as are not only alive but 
are also animals. For all of these have perception and front and back are 
defined according to this. For those things in which perception is naturally 
present and from whence it derives in each of the animals is front, while 
their opposites are back. (705b8-13) 


Itis fixed doctrine for Aristotle that sense perception is the distinguishing 
feature of animal life (cf. De part. an. 2.1, 647a21-24 and 8, 653b19-27; 
De an. 2.3, 414b1-10) and here he simply asserts that front and back are 


13 This passage should be supplemented by De part. an. 2.10, 656a11—14; 4.7, 683b21- 
25, 4.10, 686b35—36 and Juv. 1, 467b13-468a12. In the passage first noted, Aristotle also 
observes that it is only in human beings that functional above and below are aligned with 
cosmic above and below. In fact he says that in the human case the parts by nature are 
disposed according to nature (và qoe LOQLA xatà qot eet ...)! 
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defined by reference to the orientation and position of the sense organs. 
In chapter 6, however, we are given more by way of a justification and 
account of this claim. 

The directional orientation marked by the concepts right and left is 
found only in animals that “act on their own so as to change in respect of 
place” (705b14-16). In this case he says not only that these are delineated 
by “a certain function” but also that they are not delineated by position 
(705b17-18). How then, is such a functional determination made? 

In animals with organs of locomotion, these come in pairs; and it is 
in these animals with limbs that right and left are clearest. In all of these 
pairs, one half of the pair of organs must be the source of motion; and 
from 705b31-706a10 Aristotle provides evidence for the claim that this 
side is the same for all such animals and is what is designated as “the 
right.” 

There are two ways of taking this claim. Aristotle could be asserting 
that the term "right" is to be applied, in any kind of animal, to the side of 
the body that is seen to originate motion in that kind. On this view, you 
could study giraffes and salamanders oriented perceptually in the same 
direction (which determines “front”) to see which side moves first—and 
the term “right” will refer to that side, even if it is the opposite side in 
giraffes and salamanders. On the other hand, Aristotle might be making 
the strong empirical claim that ifyou make such observations, it will turn 
out that all animals originate motion from the same side. The concluding 
summary, which follows his presentation of evidence, makes it clear that 
it is the strong empirical claim he is making. 


And due to the same cause the right sides of all animals are the same; for 
whence the source of motion is in every case the same and is positioned in 
the same place according to nature; and the right is whence the source of 
motion. (706a10-12) 


The argument here is straightforward: 


The right side is the side of origination of locomotion. In all animals the 
side of origination of locomotion is by nature positioned alike. Therefore, 
in all animals the right sides are the same. 


If Aristotle were simply recommending labeling "right" whichever side 
originates motion, this argument would not be necessary He must, 
therefore, be asserting the stronger claim that, for any two animals, if they 
are oriented in the same direction, they will originate locomotion from 
the same side. It is, then, a claim that can be refuted if some members of 
the same kind originate motion on one side and some on the other, or if 
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different kinds with the same perceptual orientation originate motion on 
different sides. 

Aristotle concludes chapter 4 by arguing that right and left are most 
distinct in human beings "because of all the animals humans have things 
arranged most in accordance with nature; and the right is both better 
than the left and separated from it. And that is why the right in human 
beings is most right” (706a18-21). He then generalizes the argument to 
all of the directional orientations, concluding that the other sources, the 
above and front, are also most in accordance with nature in mankind 
(706a24-26).'* The opening of our chapter 5 continues this argument 
by applying these abstract remarks about “above” and “front” to animals 
differentiated by reference to how many feet they have. 


So, then, those animals in which above and front are distinct (Óubovovou), 
as they are in human beings and birds, are bipeds (of the four points,” two 
of them are wings in the one case and hands and arms in the other). But 
those that have the front and above in the same [orientation] are either 
four-footed, many-footed, or footless. (706a26-31) 


The rest of the chapter elaborates these claims and provides more content 
to Aristotles axiology of direction, as we might call it. He notes that in 
bipeds, and especially in man (birds have a pelvic articulation that tips 
them forward slightly), the up and down are 'in relation to the whole 
cosmos” (ztpóc TO toń Óhov dvo). However, since those with four or 
many feet, as well as those with no feet, are not upright, their “above” is on 
the same axis of orientation as their “front”, and thus front and above are 
not distinct (cf. 706b2-9). He concedes that, since the above, front, and 
right are more honorable than the below, back and left, the locomotive 
parts are arranged in a reasonable way (sdhóywg) (706b11-13). However, 
he concludes by suggesting that this may have the priorities reversed: 


14 On the idea that the better of two related principles should be separate from the 
worse, recall De gen. an. 2.1, 732a3-8: 


Since the nature of the primary cause of motion, to which the logos and the form 
belong, is better and more divine than the matter, it is also better that the superior 
be separated from the inferior. On this account, in those cases where it is possible 
and to the extent it is possible, the male has been separated from the female ... . 


15 Aristotle is explaining that, though blooded and therefore in possession of four 
limbs, two of the limbs do not qualify as "feet? The very next lines explain that by "foot" 
he means a part which has a “point of contact" (onueiov) with the ground for movement 
in place. 
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But it is also right to say (xoXóc & £yev ... Aćysw) the converse (ró 

dwó.rtaNiv) about these matters, that it is because the sources are in these 

places that these parts are more honorable than the opposite parts. 
(706b14-16) 


Two distinct options are on the table here, but Aristotle does not claim 
that one is correct and the other is wrong. The first option treats the 
greater honor of the above, the front, and the right over their opposites 
as an unexplained premise, from which you might conclude that that is 
where the sources of change will be. The second option derives the greater 
honor of the parts in these locations from the fact that the sources of 
change are located there. The premise common to the two options is that 
sources (àoxyat) are honorable. Aristotle does not reject the first option, 
I believe, because he does not think it is wrong to attribute greater honor 
to one of each of these oppositions in direction than to the other. The 
only issue is whether such attributions are to be made a priori, or whether 
they follow from an empirical determination of which of the two is the 
source of change. It is likely that Aristotle sees Pythagoreans, and perhaps 
Platonists of a Pythagorean hue, as adopting the former position. He is 
arguing for the latter. 

Chapter 6-7 of the De incessu (706b17- 707222) argue that there must 
be a common source of control over locomotion continuous with the 
locomotive parts, and that these parts will be distinguished by being on 
the right or the left and (when there are at least four parts) by being above 
or below. He rejects as irrelevant to locomotion the distinction between 
front and back on grounds that there is no natural backward motion 
(706b28-32). 


3. Lessons from the De incessu animalium 


What can we take with us from this excursus into the De incessu animal- 
ium relative to understanding the application of the right and left to the 
heavens in the De caelo? 


16 For an extended discussion of this passage and a comparison of it with De part. an. 
3.3, 665a9-21, Theophrastus Meta. 11a8-13 and Plato Tim. 45a-b, see Lennox (1985) 
143-164, repr. in Lennox (2001b) 266-272. I am still in substantial agreement with that 
discussion, and review critical reactions to its original publication in Lennox 2001b, 226- 
228. 
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(a) First and foremost, Aristotle means it when he states in De caelo 
2.2 that matters about these directional dimensions had been deter- 
mined in the discussions of animal locomotion because these dimen- 
sions are proper to the natures of animals. That is, indeed, where the 
fullest discussion of these principles takes place, including the pre- 
sentation of the argument that they are principles and arguments over 
priority both among the pairs and between the pairs. And since they 
are there defined by references to organic functions, it is absolutely 
correct for Aristotle to insist that these principles are oixeia to that 
investigation. 

(b) Only in the case of above and below does Aristotle allow that these 
terms can be applied both by reference to organic function and by 
reference to position relative to Earth and the heavens. 

(c) Inthe case of up and down, it is only with respect to bipeds, and most 
completely with respect to humans, that there is agreement between 
the results of applying cosmic and functional concepts of “above” 
and “below.” In all other locomotive organisms functional “above” 
and “below” are oriented on the opposing axis to cosmic “above” and 
"below? 

(d) Right and left are concepts applicable only in the case of locomotive 
self-movers. 

(e) Right and left are not delineated by position but only by function. 

(f) The distinction of front and back is not relevant for discussions of 
animal locomotion, since all natural locomotion is forward. 

(g) In the case of all three pairs, Aristotle argues that one member of the 
pair is more of a "source" or "principle" and more honorable than the 
other. In the case of right and left, the source of movement and, thus, 
the more honorable member of the pair, is the right. 


Aristotles remark in the De caelo that the appropriate place to discuss 
these principles is in the De incessu should be taken seriously. In fact, 
Aristotle appeals to, or relies on, every one of the above seven "lessons" 
during the course of De caelo 2.2-5. Before returning to that discussion, 
we also should be reminded of the context of Aristotles appeal to the De 
incessu for support. 

The reference to the De incessu is made when it is still an open question 
whether “right” and “left” have any legitimate use is cosmology. Whether 
the answer be yes or no, an appropriate first step is to appeal to a worked 
out theory of these directional principles, to see what, if anything, can 
be applied here. This is a legitimate move even if the ultimate answer is 
"Nothing." 
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The reference to the De incessu is also made with respect to a specific 
criticism of the Pythagoreans in mind—they seem to introduce right 
and left independently from the other two pairs of directional principles. 
Aristotle appeals to the De incessu to argue that there are principles prior 
to these; and indeed the argument there makes the case that above and 
below are prior on three separate grounds, all of which are defended in 
the De incessu." First, they apply to all living things. Second, they can 
be defined either by reference to Earth and the heavens or by reference 
to nutritive function. Third, length is prior to breadth, and above is the 
principle of length. He thus goes on: 


For this reason one might well wonder that the Pythagoreans spoke of only 
two of these principles, the right and left, leaving aside four that are no less 
important; for above and front are no less differentiated from below and 
back than right is from left in all animals. I say "in all animals" because in 
some cases these directional principles differ by functional capacity only, 
while in other cases they also differ by their configuration; and while above 
and below are present alike in all the ensouled animals and plants, right 
and left are not present in plants. And again, as length is prior to breadth, 
if up is the principle of length and right of breadth, and the principle of 
what is prior is prior, up would be prior to right— prior in generation, that 
is, since "prior" is said in many ways. (285a12-22) 


Aristotle follows the De incessu discussion carefully here in every detail. 
He might have mentioned, also with reference to the distinction between 
above and below, that human beings are organized most according to 
nature, but it will be noted that this fact about humans is not used to 
justify the priority claim in either work. 

There are two methodological points upon which I want to insist in 
considering the background in the De incessu of the argument in De caelo 
2. First, the fact that Aristotle appeals to the De incessu theory does not 
commit him to the claim that the entire theory of the De incessu is appli- 
cable here. Just as a person studying optics need not be committed to the 
claim that all of geometry is applicable to optical phenomena, so Aristo- 
tle need not be committed to the claim that all of his functional theory of 
directional principles is applicable in cosmology. Second, the claim about 
the discussion of these principles' being appropriate to the works on ani- 
mal locomotion should not blind us to the fact that there is an important 
dependence that runs in the other direction. Throughout the discussion 


17 Simplicius (Heiberg 1894: 385.15-22) rehearses Aristotles general views about 
priority, but it seems clear that here he is relying directly on the arguments of the De 
incessu. 
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in De incessu 2, 4, 5—6, the orientation of animals with respect to Earth 
and the heavens is a constant reference point. In chapter 5, for example, 
organisms are compared by reference to “three places, above, middle, and 
below” (706b2-3): 


... bipeds have their above in relation to the above of the whole, many- 

footed and footless animals in relation to the middle [of the whole], and 

plants [have their above] in relation to the below [of the whole]. 
(706b3-5) 


After he makes these comparisons, moreover, Aristotle goes on to give 
the causes for these differences relative to cosmic orientation. The con- 
nection to cosmic dimensionality is, however, even more subtle than this 
suggests. For what makes humans special is not just that our upright 
posture aligns us with positional above and below—that alignment also 
accounts for the fact that our three pairs of dimensions are distinct, 
whereas they are confused to a greater or lesser extent in all other crea- 
tures. Thus, there is a constant reminder in the De incessu that above and 
below are prior principles to right and left, and that the most natural 
arrangement for functionally defined above and below is in alignment 
with cosmically defined above and below. So while De caelo 2.2 appeals 
to the discussion of directional dimensionality in De incessu 2-6, that 
discussion also depends on a concept of cosmic above and below that 
derives from the De caelo account of movement toward and away from 
the center and periphery of the whole. 


4. Returning to De caelo 2.2 


Recall Aristotle's assertion that it is reasonable!? to say that all these 
dimensional principles belong to “complete” bodies, where “complete” 
means, as we are told in De caelo 1.1, three-dimensional.? He then 
treats one member of each directional pair as a source relative to one 
of the dimensions of magnitude: above to length, right to breadth, and 


18 For a thorough discussion of this and other appeals to what is sdhoyov in the De 
caelo, see Bolton (2009) 51-82 in this volume. 

1? Pace Leggatt (1995) 225 who rules out this meaning because it would make the 
above claim “tautological”. Certainly Aristotle does say that to call a body complete in this 
sense is to say that it is extended in width, depth, and breadth, so that to say "complete 
body” is, since bodies are three-dimensional, strictly redundant. But here I think it serves 
to remind the reader of the reason why Aristotle calls bodies complete. 
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front to depth. Up to this point there is no need to seek support from 
the De incessu, since none of these ideas derives from the study of 
animal locomotion. But he then notes, and this is where the relevance of 
referring to the De incessu arises, that these are also principles in respect 
of motions— “principles whence the movements, in those having them, 
first begin (284b26-27).”° And here it is worth quoting his words: 


Growth is from above, movement in place is from the right, and movement 
in accordance with perception is from the front—for I call front that 
toward which perceptions are directed. (284b27-30) 


For this reason, Aristotle tells us, we should only appeal to these princi- 
ples in bodies which "being ensouled, have an inherent source of motion; 
for in none ofthe things without soul do we see whence comes the source 
of motion (284b32-34):?! It is then a straightforward matter to argue for 
the use of these suppositional starting points in the investigation of the 
motion of the heavens. 


Since we determined previously? that such powers are present in those 
bodies which have a source of motion, and that the heavens are ensouled 
and have a source of motion, it is clear that they also have up and down 
and right and left. (285a27-31) 


It is notable that front and back are not mentioned in this conclusion. 
One might suppose that this silence is due to the fact that the heavens 
lack movement in the direction of the objects of perception; but on 
those grounds one might think that above and below, which in the 
De incessu are defined functionally in terms of the intake of nutrition 


20 Note that this is the precise formula which Aristotle uses for one of his causes, the 
misleadingly labeled "efficient" cause. 

21 "This is yet another example of the difficulty widely noted that, by occasionally listing 
the four sublunary elements along with animals and plants as things with a source of 
motion within themselves (e.g., De caelo 1.2, 268b16, Phys. 2.1, 192b9-12), Aristotle 
appears to contradict statements such as this in one way; while by denying that even 
animals can move themselves without an external mover (Phys. 8.2, 253a11-21, 6, 259b1- 
16), he seems to contradict himself in a quite different way! For a variety of discussions of 
this problem, see the papers by Furley, Gill, Freeland and Sauvé Meyer in Gill and Lennox 
(1994). Simplicius (Heiberg 1894, 387.5-24) provides us with Alexander' view on this 
issue (that the elements have only a passive but not an active source of motion), a view 
with which Simplicius, with his Platonic sympathies, takes issue. 

22 If this is a reference to the De caelo, the only plausible candidate would be 1.9, 
279a17-28, on which see the discussions of Kosman and Judson in Gill and Lennox 
(1994) chs. 7-8. But the current passage is the first place in the De caelo where the heavens 
are explicitly claimed to be ensouled, so the reference may well be to another work. 
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and the direction of growth, would be equally lacking. With respect 
to above and below, however, recall that Aristotle has an entirely non- 
biological account, which we saw him rely on regularly even in biologi- 
cal contexts—above is away from the center of the cosmos and below is 
toward it. As we have seen, this grounds Aristotles claims that functional 
above and below in human beings are in line with cosmological above 
and below, and that plants have their functional above below and their 
functional below above!” And indeed Aristotle relies on this cosmolog- 
ical understanding of above and below in the argument currently under 
consideration (cf. 284b34-—285a1, 285b8 ff.). 

In fact the absence of “front” and “back” here is to be explained by 
the immediate purpose of the argument at this point. Eventually, and 
problematically, Aristotle does make an argument at De caelo 2.5, 288a3- 
12 for the applicability of “front” and “back” to the cosmos, an argument 
which we will consider shortly. Here, however, Aristotle is in the midst of 
criticizing the Pythagoreans for attributing right and left to the cosmos 
while ignoring "prior" principles. Among the three pairs, the pair that is 
prior to right and left is up and down; front and back are, according to 
the De incessu, posterior to right and left. Moreover, as we learned from 
De incessu 4, the distinction between front and back is not relevant to 
discussions of locomotion, since there is no natural backward motion. 
Thus, following the De incessu closely, he needs only to show that right 
and left are posterior to above and below. 

So what, then, is his positive argument for the attribution of the right 
and left to the heaven? He begins with the claim that "it is not necessary 
to be puzzled” (où det àooeiv); because the shape of the whole cosmos 
is spherical, all its parts are identical, and it moves eternally (285a32- 
285b8)! Given that, unlike with above and below, the De incessu is quite 
clear that right and left must be given a functional account, why should 
we not be puzzled? For the De incessu account depends on being able 
to distinguish two sides (easily done with most locomotive animals) and 
being able to determine which of the two sides initiates motion. 


. it is necessary to conceive it as though something in which the right 
parts differ in relation to the left also by configuration were then sur- 
rounded by a sphere; for it will have the difference in functional capacity, 
but will seem not to have it on account of the uniformity of its configu- 
ration. And it is necessary to think in the same manner about the source 


23 Cf. De incessu 4, 705b1-7, 706a24-26; De part. an. 2.10, 656a11—13; 4.10, 686a27- 
687a2. 
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of movement: for even if it never began to move, nonetheless it must have a 
source whence it would have begun if it started moving and ifit were to stop 
it would start to move again. (285b1-7) 


I do not want to claim that I understand this argument; in so far as I think 
I do understand it, I find it weak.” What I find interesting, however, is 
the struggle to apply the zoological account of right and left, an account 
that, it was insisted, is based on function and not on position (705b17- 
18). In this passage I take the counterfactual, thought-experimental tone 
seriously. Aristotle is asking us to imagine a thing that will still have 
right and left differentiated by functional capacity, but in which, due to 
its spherical shape, this will not be apparent. Moreover, that locomotive 
capacity is there, present even in a thing that is eternally in motion— 
in material substances every actuality is the actuality of a capacity, even 
if that capacity is always activated. It is by virtue of that capacity that it 
would have begun to move had it needed to, and would begin again if it 
were to ever cease moving.” 

The argument is, famously, that cosmic length extends from pole to 
pole along the axis of revolution and, therefore, that the dimension 
around the equator is breadth. In that case, right and left of the heaven 
will be the motive principles associated with movement of the sphere as 
indicated by the passage of the stars from rising to setting; and, therefore, 
the pole that is invisible to those living in the northern hemisphere is in 
fact above. On the other hand, since the spheres of the planets rotate in 
the opposite direction, their right—i.e., their source of motion—is on the 
opposite side and, thus, the opposite pole would be up in relation to their 
motion (285b8—286a1). 

In his note on this passage, Stuart Leggatt (1995, 226, 285b28n) com- 
ments that "in conceding this point, Aristotle may be indicating the rela- 
tive unimportance ofthe issue for him? I draw a very different conclusion 
from this passage. By indicating that right and left will be defined relative 
to the source of motion as determined by the direction of rotation, he is 
following the principles laid down in the De incessu once more. Moreover, 


24 As indeed may have Aristotle; see the discussion of this passage in Bolton (2009) 
xxx in this volume. 

25 There seems to be a premise presupposed by Aristotles counterfactual here that 
is shared by the argument in Meta. 12. 6 1071b13-32: that material objects, even those 
that are eternally active, have a principle of potentiality. In Meta. 12, this motivates the 
argument for a prior, immaterial actuality; here it provides Aristotle with the resources 
to imagine the heavens beginning to move from an inactive, resting state. 
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in this passage, we see the way in which Aristotle grounds the dimen- 
sions of magnitude in the directional dimensions—source and direction 
of motion is primary for him, and he thinks of this as “generating” mag- 
nitudes. 


5. The structure of natural philosophy 


The interaction between these two discussions of directional orientation 
and its relation to dimensions of magnitude raises some interesting ques- 
tions about explanatory methodology, especially since in De caelo 2.2 
Aristotle treats the three directional pairs (or the more honorable mem- 
ber of each) as principles in some sense of the bodily dimensions. For 
chapters 7-13 of An. post. 1 lay down some rather strict guidelines regard- 
ing using principles appropriate to one domain in proofs in a distinct 
domain. Chapter 7 opens, for example, by noting that since all the rela- 
tionships between terms in a demonstration are per se relationships, “it is 
not possible to prove by passing from another kind, for example, to prove 
that which is geometrical by that which is arithmetical” (75a38-39). Such 
proofs require that the kind be the same “either without qualification or in 
some way” (75b8-9), one way being that found in sciences subordinated 
one to the other as optics is to geometry or harmonics is to arithmetic 
(75b15-17). 
Chapter 9 picks up on this theme, opening with the comment: 
Since it is apparent that it is not possible to demonstrate each thing other 
than from its own starting points if what is being proved belongs qua that 


thing, it is not possible to understand something by proving it from things 
which are [merely] true, indemonstrable, and immediate. (75b37-41) 


Once again, he gives as examples? of exceptions harmonic proofs using 
principles of arithmetic, but provides a little more insight into how the 
exceptions work. In this case, the facts investigated by harmonics are 
studied by a different science because the underlying kind (ró bzoxeí- 
u£vov vyévoc) is different from that of arithmetic. Arithmetic, on the 
other hand, knows the reason why the facts are as they are, because 
the attributes studied by harmonics—ratios like 4:3, for example—are 
actually per se attributes (xa? atta và nódn) of number. This leads 
him to conclude that unqualified demonstration of anything can only 


26 But only as examples—he is careful on every occasion to indicate that what he says 
about these examples will be true of any cases that abide by the same restrictions. 
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come about through principles proper to it—and I suggest that the use 
of “unqualified” (ówrhóÓG) here picks up on the idea expressed at 75b8-9 
that the kind being investigated must be the same "either without qual- 
ification or in a way. That is, the demonstrations of harmonic facts by 
reference to arithmetical reasons why are qualified demonstrations based 
on a qualified sameness in kind. The chapter concludes by returning to its 
opening thought—one of the most difficult aspects of science is, Aristotle 
opines, determining whether we have proven something from principles 
appropriate to it, for 


we think we have understanding if we have proofs from true and primary 
premises. But this is not so—it is necessary for the primary premises to be 
within the kind (ovyyevfj). (76a27-30) 


Aristotle never explicitly discusses such issues using examples from the 
natural sciences. And what is interesting about the examples he does use 
to illustrate the use of principles from one science to account for facts 
in another is that they unite to form Aristotelian intermediate sciences 
such as astronomy, optics, or harmonics. The premises in question are 
mathematical; the facts being explained are attributes of kinds investi- 
gated by the natural scientist. Supposing, however, that both investigative 
domains—say animal locomotion and the cosmos—are, broadly speak- 
ing, within the same theoretical science; how do his strictures apply in 
such cases? Aristotle speaks directly to this question when the theoret- 
ical science is mathematics. You cannot, for instance, prove something 
geometrical from arithmetic starting points (75a38-39). However there 
are starting points that are common to more than one science and can 
thus be used in both. 


Of the items used in the demonstrative sciences some are proper to each 
science and others common—but common by analogy, since they are only 
useful in so far as they bear on the kind under the science. Proper: e.g., 
that a line is such-and-such, and straight so-and-so. Common: e.g., that if 
equals are removed from equals, the remainders are equal. — (76a38-41) 


Aristotle is also well aware of the subtle ways in which certain principles 
in the mathematical sciences can play roles at both the common and 
specific levels. 


Why do proportions alternate? The cause in the cases of lines and of 
numbers is different—and also the same: as lines it is different, as having 
such-and-such a ratio it is the same. And so in all cases. ... Items which 
are the same by analogy will have their middle terms the same by analogy. 

(9928-11; 99a17) 
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In all ofthese passages, though the examples are predominantly drawn 
from mathematics, Aristotle goes out of his way to tell his readers that he 
is speaking quite generally about “all cases? The point made in the last 
passage above, for example, is illustrated with a biological example in An. 
post. 2.14, 98a20—22. 

Well then, if our three pairs of directional dimensions are starting 
points appropriate to the investigation of animals, how is Aristotles 
appeal to them in cosmology to be sanctioned? I can think of at least 
four answers that are plausible prima facie: 


(a) Unlike mathematics, where principles in one branch are inappropri- 
ate for another, natural science is more homogenous. The principles 
discussed in De incessu 2 are appropriate to the yévoc of bodies hav- 
ing a principle of change in themselves generally, and thus to the sub- 
ject matter of the De caelo.” 

(b) Aristotle has changed his mind about “kind-crossing demonstra- 
tions”: the usage of these principles here violates the Analytics pro- 
scriptions, but Aristotle is no longer worried about it.” 

(c) The subject of the De caelo and the subject of the De incessu are related 
in some way analogous to the relationship between geometry and 
optics, or number theory and harmonics. Aristotle accepts the Poste- 
rior Analytics’ restrictions, but these two investigations are related in 
ways that allows for qualified “kind-crossing.” 

(d) Aristotle thinks of the heavens as a living thing and, thus, that the 
principles appropriate to animals are directly applicable to the heav- 
ens. Kind-crossing is not an issue, but for a very different reason than 
is provided by option (a). 


Among these options, (a) seems to be the most problematic. Regardless 
of whether the study of the cosmos as a whole and the study of animal 
movement are, in some very general sense, part of the science of nature, 
this is not a sense of “sameness” that is helpful. The “directional” prin- 
ciples defined and articulated through three chapters of the De incessu 


27 As Andrea Falcon argues (2005, 14-15), it seems more plausible to say that the kind 
consisting of natural bodies is /ess unified than Aristotle’s paradigmatic examples of kinds, 
or at least exemplifies a different kind of unity. 

28 This was argued by Martha Nussbaum (1978, Essay 2) regarding the use of cosmo- 
logical principles in De motu, as part of her case for its being written by Aristotle, since 
one argument against its authenticity had been its failure to adhere to the Analytics’ stric- 
tures against explanatory principles crossing from one science to another. 
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are, both there and in the De caelo, said only to be applicable where cer- 
tain biological functions—nutrition, growth, self-initiated motion, and 
perception—are in play. In that case, there will be parts of the investiga- 
tion of nature where they are appropriate, and parts where they are not.” 
Aristotles often refers to such a “sub-domain” as a uśdoóog of this or 
that kind of thing.?? So even if, as with mathematics conceived generally, 
there is a single, general science of nature, there are still distinct natu- 
ral investigations with their own appropriate, indemonstrable principles. 
As with geometry and arithmetic, so with animal locomotion and cos- 
mic motions—the borrowing by one investigation of principles said to 
be appropriate or “at home” in another is not sanctioned simply because 
there is some “universal” science to which they both belong. 

I will also dismiss from consideration (b), not because I have a proof 
that it is false, but rather because I am adhering to an interpretive heuris- 
tic that searches for coherence between the Analytics’ program for sci- 
ence and the scientific treatises themselves. It is, of course, possible that 
such a search will fail in a particular case, but it has been successful often 
enough, and born sufficient fruit, that it would be a mistake to reach that 
conclusion when other plausible avenues are available. 

Of the two remaining options (d) seems, at first glance, the obvious 
choice.*! Aristotle says clearly in De caelo 2.2 that the outer sphere is 
ensouled and thus has its own source of motion; and since the primary 
directional orientations are principles appropriate to such things and 
should only be sought in such things (284b32-33), they are straightfor- 
wardly suppositions of this study. Moreover there are a number of pas- 
sages that allude to the movement of the heavens as that of a living, if 
immortal, body.” 

But there are problems here too, and these problems lead me to an 
interpretation that combines elements of solutions (c) and (d). As we 


2° One might argue that when Aristotle defends the directional orientations as prin- 
ciples in De incessu 2, he refers to them as principles we often make use of in our study of 
nature. But that need not mean that they are applicable to all of nature; and at any rate the 
very passage in the De caelo that we are trying to understand appeals to them precisely 
on the grounds that they are principles appropriate to the investigation of animals. 

30 For examples of the term used in this way, compare Meteor. 1.1, 338a26, Long. 6, 
467b9, De part. an. 1.4, 644b16. 

31 Simplicius (Heiberg 1894, 387.32—388.4) takes it as obvious. 

32 Cf. 1.9, 279a18-30; 2.3, 286a7-12; 2.6, 288a28—b8; 2.12, 292a15-28. Admittedly, 
these are the very passages, discussed by Bolton (2009) in this volume, where Aristotle 
acknowledges the difficulties of the questions and the relative lack of empirical support 
for the needed answers; e.g., II. 3, 286a3-8; 2.5, 287b29-288a2; 2.12, 291b24-28. 
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have seen, Aristotle self-consciously struggles to apply the results of the 
discussion of the De incessu to this case, and some of that work is done 
by way of the assumption that the heavens are ensouled. However the 
heavens? do not perceive, nourish or regenerate themselves, or initiate 
motion from a state of rest; nor do they have any parts suitable for such 
functions. That is, if the heavens are ensouled, they are not ensouled in a 
way that fits easily with the account of the soul that is familiar from the 
De anima. In that case one might fairly ask why he does work so hard to 
rely on the principles of directionality found in the De incessu? 

In order to answer this question, I want to close by looking at method- 
ologically important passages in De caelo 2. They reveal, I believe, the 
peculiar epistemological dilemma in which Aristotle finds himself in cos- 
mology. It is this dilemma, combined with certain methodological com- 
mitments from the Analytics, that lead him to defend cosmic direction- 
ality by appeal to his account of animal locomotion in the De incessu.’ 

De caelo 2.5 faces the question—forced on him by the fact that the 
planetary spheres, though made of the same natural substance as the 
outermost sphere, move in the opposing direction—of why these spheres 
revolve in one direction rather than the other. With eternal things it 
cannot be a matter of chance, nor is it voluntary. Before answering, he 
reflects on whether it is appropriate even to attempt an answer. 


Perhaps, then, the attempt to make some statement about certain things, 
or even about all things, passing nothing by, might indeed seem to be the 
mark of great simplemindedness or of great zeal. Yet it is by no means 
right to censure all people alike; rather one ought to consider the reason 
why they are speaking, as well as the credibility of what they say, whether 
“human” credibility (dvdowanivog)** or something more secure. So then, 
when someone happens upon the more accurate necessities, it is necessary 
to be grateful to those who made the discoveries, but at the moment we 
must state what appears to be the case (viv 08 tò parvóuevov ONTEOV). 
(287b29-288a2) 


De caelo 2.12 opens (291b24-31) with a similar “disclaimer”, noting 
that over-zealous attempts to state what appears to be the case (Aéyew 
TO qouvóuevov), if done out of philosophical thirst to make even a 


33 It seems that some of the arguments in De caelo 2 demand that “the heavens” must 
be used in its “second” sense, i.e., to refer not only to the outermost sphere but also to the 
spheres of the planets. 

34 And I here find my conclusions are largely confirmed by Robert Bolton's study of 
the underlying epistemology of the De caelo (2009) 51-82 in this volume. 

35 On the specific force dvd ewmtvws of here, see Bolton (2009) 68-70. 
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slight advance about subjects where we have great puzzlement, should 

be greeted with affection. Slightly later in that same chapter, Aristotle is 

clearer about why he is being so tentative. He has just raised a puzzle 

about the different apparent motions associated with the spheres of the 
fixed stars, the sun, the moon and the planets. He pauses: 

About these things, then, it is well to seek ever greater understanding, 

even though we have too few resources and are at such a great distance 

from their attributes; nevertheless studying that about which we are now 

puzzling from such resources would not seem to be unreasonable. But we 

contemplate such things as if studying their bodies alone, and as though 

they are units possessed of order yet completely without soul. But it is 

necessary to suppose that they participate in action and life; for in this way 

the attribute we want to understand will seem to be nothing unreasonable. 

(292a14-22) 


For Aristotle, understanding of perceptual phenomena is achieved once 
we know the causes that produce them, and that knowledge derives from 
experience of the phenomena (An. pr. 1.30, 46a17-27). Alas, cosmology 
is problematic in this respect: 
Since circular movement is not opposed to circular movement, we must 
investigate on what account there are many motions, even if we are 
attempting to make the inquiry from a great distance—distant not in 
respect of location, but much more in respect of having perceptual aware- 


ness of far too few of the attributes that belong to these things. 
(De caelo 2.3, 286a3-8) 


All these passages indicate that Aristotle, a committed empiricist, recog- 
nizes the thin empirical basis for his causal theorizing in cosmology. Yet 
they also indicate that he felt compelled, to the point of begging indul- 
gence, to pursue such theorizing. One may reasonably ask, why? Why 
not simply resist temptation and admit an inability to reach any well- 
grounded conclusions on this question, since we lack the data necessary 
for reasonable causal inferences? 

There are, I believe, two plausible answers, and they reinforce one 
another. The first is stressed repeatedly in the De caelo, but its relevance to 
the epistemological dilemma we are discussing is most clearly displayed 
in a passage in De part. an. 1.5. 

Among the substantial beings constituted by nature, some are ungenerated 
and imperishable through all eternity, while others partake of generation 
and perishing. Yet it has turned out that our studies of the former, though 
they are valuable and divine, are fewer (for as regards both those things on 


the basis of which one would examine them and those things about them 
which we long to know, the perceptual phenomena are altogether few). 
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We are, however, much better provided in relation to knowledge about the 
perishable plants and animals because we live among them. For anyone 
wishing to labor sufficiently can grasp many things about each kind. Each 
study has its attractions. Even if our contact with eternal beings is slight, 
nonetheless because of its surpassing value this knowledge is a greater 
pleasure than our knowledge of everything around us, even as a chance, a 
brief glimpse of the ones we love isa greater pleasure than seeing accurately 
many other great things. (644b22-645a1) 


Here the relative lack of perceptual acquaintance is stressed, in this case 
in contrast to the ready availability of information about animals and 
plants. But Aristotle also provides all the motivation one would need for 
pursuing knowledge of the eternal beings of the heavens—the surpassing 
value of even a little knowledge of the eternal things compared to the 
plentiful knowledge of the perishable things around us. The extent of 
ones willingness to draw causal inferences on the basis of a slender data 
basis is proportional to the value of the prize at the end of the inferential 
quest. 

Yet the De caelo provides us with evidence for another motive behind 
Aristotle's willingness, with apologies, to skate inferentially on thin evi- 
dential ice. The evidence is the constant attempts to counter the argu- 
ments of the Timaeus and of unnamed Pythagoreans, even when Aristo- 
tle agrees in some general way with their conclusions. Granted, in many 
cases observation provides scant grounds for reaching conclusions—but 
for Aristotle, that must always be the grounds from which we begin. Thus, 
for example, though the Pythagoreans turn out to be correct in applying 
the concepts of right and left to the cosmos, the a priori ways in which 
they arrive at this application render it baseless. 

And thus Aristotle starts from a more secure base. The directional 
orientations have been defined by reference to “the animals and plants 
around us.’ As best we can, we must attempt to extend these concepts, 
formed on that secure empirical basis, to the heavens. As one final 
example of this method, I point to the concluding lines of De caelo 2.5 
in which Aristotle appeals to the first “hypothetical principle used in the 
study of nature” mentioned in De incessu 2— that nature always does what 
is best—as a premise in an argument to show that the concepts “front” 
and “back” are applicable to the heavens. 


For if nature always does the best among the possibilities, and [if] just as 
the motion toward the upper region is, among rectilinear motions, more 
honorable (since the upper region is more divine than the lower), in the 
same way too forward motion is more honorable than backward motion, 
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[then] it has,*Ś if both right and left as stated previously (and the difficulty 
just stated testifies that it has), front and back. In fact this explanation 
resolves the difficulty. For if it is the best it can be, this would be an 
explanation of what was said. For it is best to be moved in a simple and 
ceaseless motion, and this in the more honorable direction.*” 

(De caelo 2.5, 288a3-12) 


Aristotle is providing an object lesson in empirical cosmology, counter- 
ing the approach found in Platos Timaeus and in Pythagorean doctrine. 
His appeal to the discussion of above, below, right, left, front and back 


36 I follow the text as printed in Bekker here (yeu elrreg xoi) rather than the emenda- 
tion of Prantl (£yev 51), elmeg) adopted by Allan, Stocks, and Guthrie. 

37 Istvan Bodnar has suggested (personal communication) that this passage does not 
introduce the third pair of directional contraries, front/back to the other two pairs, but 
rather that the use of To medteQov xai Votegov at 28828 simply indicates that if right and 
left are present, so too will be the prior/posterior relation between them, i.e., the priority 
of the right to the left. His primary motivation for this suggestion is that he cannot see how 
introducing the distinction between front and back contributes to Aristotles argument in 
this chapter. 

I will respond to that worry momentarily but my first concern with Bodnar’s sugges- 
tion is that I do not see how the immediate argument supports it. Stripped to its bare 
bones, the logic of our passage is this: If nature always does best, and forward motion 
is (just as upward) better than backward, then the heavens, if they have both right and 
left, also have tò noóTepov xai doregov. On Bodnar’s reading, it is a puzzle why the 
axiology of forward and backward motion is mentioned in the antecedent of this con- 
ditional argument at all. But if I am correct, not only does that make sense, but so does 
the claim that if both right and left are present, then front and back are, since the De 
incessu argues that right and left can only be determined once forward and backward 
are. Recall that the primary error of the Pythagoreans, according to chapter 2, is to have 
introduced right and left without introducing prior principles, principles on which right 
and left depend (284b10-13). More globally, if the cosmos has the three spatial dimen- 
sions and is a complete body, then the more honorable member of all three directional 
pairs must be present as a principle of each of those three dimensions, front being the 
principle of depth (284b25). 

That takes us directly back to Bodnar’s motivation for his alternative. He correctly 
sees that the wider argument has to do with the question of why the sphere of the fixed 
stars revolves one way rather than the other (and of course the wider context for that 
argument is that the inner spheres revolve in the opposite direction). But as I understand 
the argument of this chapter, to acknowledge that issue is already to explain the relevance 
of this closing argument to the wider context. For in order to distinguish these two 
revolutions one needs to distinguish the direction of the locomotion of these motions. 
It may seem natural to us to see this as a question about whether the motion is "to the left 
or to the right? But from the perspective of the De incessu, the prior pair of contraries for 
answering questions about direction of motion is front/back. Once that is determined, 
one can then raise the question of the initiation of motion, which for Aristotle is when 
the distinction of right and left comes in to play. The very strangeness of the argument 
in chapter 2 stems from the fact that Aristotle is explicit about applying all three of the 
directional dimensions to the heavens, and realizes that doing so when the object under 
consideration is a nested set of eternally revolving spheres strains credulity. 
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in the De incessu is an integral part of this strategy. Where concepts have 
been formed and defined on the basis of a rich empirical study, and those 
concepts are being applied a priori by the Pythagoreans to the heaven, 
investigation should begin by drawing on the results of that study. There 
may be difficulties in making this application, but given the value of the 
knowledge sought we should appreciate the effort and try to enrich the 
evidence and go further. Even if he is mistaken on specific points, he is 
indicating the proper method for dealing with such questions. 
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WHY STARS HAVE NO FEET: 
EXPLANATION AND TELEOLOGY IN 
ARISTOTLE'S COSMOLOGY 


MARISKA E.M.PJ. LEUNISSEN“ 


1. Introduction: The scarcity of 
teleological explanations in the De caelo 


The most central feature of Aristotles conception of natural science is 
his theory of natural teleology: everything that exists or comes to be 
“by nature” comes to be or changes, unless prevented, for a purpose 
and towards an end, and is present for the sake of that purpose or 
end. In the De caelo, which contains in the first two books Aristotle's 
problem-oriented exposition of his cosmology, traces of this teleological 
worldview are abundant. The nature of the elements is claimed to be such 
that it provides them with an immanent capacity to exercise their specific 
motions to reach their natural places. Left to their own devices, the four 
sublunary elements would naturally move to their natural places and thus 
constitute four separate, concentrically arranged spheres.! Teleology also 
permeates the heavenly domain of the stars and planets, as all celestial 
motions are said to be trying to reach “the most divine principle” as a 
final cause (De caelo 2.12, 292b20—25). 

Although teleology as a natural tendency is thus without doubt an 
important part of the makeup of Aristotles cosmology and celestial 
physics, his general reliance on teleology to explain the different motions 
and features of the heavenly bodies seems to be limited in comparison 
with the other physical treatises. For the whole of the De caelo contains 
only seven instances of explicit teleological explanations of cosmologi- 
cal phenomena, six of which are in the second book (there is only one 


* Washington University in St Louis. 

! Bodnar and Pellegrin (2006) 282. For the teleological motion of the element earth 
and for the notion of natural place as end, see the contribution by Matthen (2009) in this 
volume (especially sections 2 and 5); for Aristotle’s account of the elements in De caelo 
2.1 and 4, see Gill (2009), especially section XX on elemental natural motion. 
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instance of teleological explanation in book one, there are none in books 
three and four).? Moreover, with one exception (De caelo 2.3, 286a8—9), 
none of these explanations refer directly to final causes. Instead, they 
all proceed through the supposition of teleological principles, such as 
“nature does nothing in vain,” which in biology are only applied in very 
specific explanatory contexts, namely, in those cases where the discov- 
ery of final causes is relatively difficult.* This suggests that teleology is 
not readily discernible in the case of the heavens. Aristotles use of tele- 
ological principles is all the more remarkable, because the teleological 
explanations are the only fully-fledged physical explanations that Aristo- 
tle offers in this treatise. By this I mean that the teleological explanations 
are the only explanations in De caelo 1-2 that address the nature and 
causes of the various features and motions of the heavens and that build 
upon some evidence from observation. Aristotles cosmological treatise 
consists for the most part of statements of fact and of arguments build- 
ing upon mathematical or numerical principles, which mainly address 
the number, shape, and possible motions of the heavenly bodies.” 


2 For the teleological explanations and the principles used, see (a) De caelo 1.4, 
271a22-33: Why is there no motion contrary to that in a circle? (teleological principle: 
nature does nothing in vain); (b) 2.3, 286a7-9: Why is there a plurality of motions 
of the heavens? (teleological principle: everything that has a function is for the sake of 
that function); (c) 2.5, 288a2-12: Why do the heavens move in the direction they do? 
(teleological principle: nature always does what is best among the possibilities); (d) 2.8, 
290a29-35: Why do stars not move on their own or why have stars no organs for motion? 
(teleological principle: nature does nothing in vain); (e) 2.9, 291a23-25: Why do stars not 
move on their own or why is there no harmony of the spheres? (teleological principle: 
nature does nothing in vain); (f) 2.11, 291b10-15: Why do stars not move on their own 
or why stars do not have a shape fit for locomotion? (teleological principle: nature does 
nothing in vain); (g) 2.12, 292a15-b25: Why is there a difference in the complexity of the 
motions of the different heavenly bodies? (teleological principle: actions are for the sake 
of something and the analogy with motions of sublunary beings). 

? Teleological principles in Aristotles biology are generalizations pertaining to the 
"observed" actions of actual and particular formal natures of living beings, indicating 
what "nature" always or never does in generation. It is my contention that propositional 
principles of explanation, such as Aristotle teleological principles, function as the frame- 
work within which the explanation needs to take place (they both limit the amount and 
kinds of explanations possible, and license the explanations actually given) and are only 
used where references to final causes are not immediately possible. Outside the frame- 
work set up by such principles, explanations lose their explanatory force and fail to make 
sense altogether. 

^ Bolton (2009) calls this second type of arguments dialectical; see in particular 
sections 1 and 2.1 of Bolton's contribution to this volume. According to Bolton, the 
dialectical arguments in the De caelo rely on mathematical, numerological, or even 
mythological starting points rather than on perceptual phenomena, and they establish 
only what is reasonable (e0Xóyoc) rather than what is necessary and true. While I agree 
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The purpose of the present paper is to shed light on the specific 
nature of the teleological explanations in Aristotles cosmology and on 
the problems related to their application within this particular branch of 
the science of nature.” In particular, I shall argue that the way in which 
Aristotle uses teleological principles to explain heavenly phenomena 
builds upon their very successful usage in biology,” and is thus consistent 
with his treatment of cosmology as a natural science. In section 2, I shall 
say more about the scientific status of cosmology. Next, in sections 3 and 
4, I shall discuss two representative examples of teleological explanations 
from the second book of the De caelo. 


2. Cosmology as science of nature 


The approach to the study of the heavens taken by Aristotles predecessors 
and contemporaries had predominantly been mathematical in nature. (In 
the De caelo, Aristotle refers to them as “mathematicians concerned with 


with Bolton's analysis of the nature of the bulk of the arguments used in the De caelo, 
I do not believe that all arguments in it are dialectical. I submit that a minority of the 
arguments, i.e., the teleological ones, are not dialectical, but scientific in nature. The 
teleological arguments lay out explanations that are proper to the natural sciences and 
make use of principles that are firmly grounded in the empirical evidence of the sublunary 
domain. The fact that the heavenly domain is empirically underdetermined limits the 
explanatory force of these explanations (hence Aristotle’s “warning” that the explanations 
which he will offer are at most reasonable), but this does not mean that the explanations 
themselves are not scientific (puotxóg): rather, they generate the best causal accounts of 
the features and motions of the heavenly bodies that Aristotle can offer. 

5 The issues that I should like to discuss in this paper have received relatively little 
attention in the scholarly literature on Aristotle. Scholars who have studied teleology in 
Aristotles cosmology have focused almost exclusively on the role of the Prime Mover as a 
final cause in Aristotle’s Physica and Metaphysica. See, in particular, Kahn (1985). Other 
studies on cosmology have either left out the question of teleology completely (Falcon 
2005), or have subsumed it under the “normal” use of teleology (Johnson 2005). On the 
other hand, Leggatt, in his commentary on De caelo, claims that Aristotle consciously 
played down the role of teleology in his cosmological treatise, because of his alleged 
dissatisfaction with the type of intentional and psychological teleological explanations 
deployed by Plato in the Timaeus: see Leggatt (1995) 18, 36-37, 207. Hence, Leggatt offers 
little analysis of the teleological explanations actually provided in this treatise, because he 
believes them to be of little importance. 

$ The possible relative chronology of Aristotles works (according to which the De 
caelo is an early work and the biological works are late) does not affect my claim: since 
none of these treatises were published during Aristotle's life time, he may well have 
adjusted and revised them continuously in the light of new discoveries or conceptual 
distinctions made. For a defense of this view (based on a pedagogical interpretation of 
the cross-references in Aristotle), see Burnyeat (2004) 21-22. 
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dotoohoyia” —where Goteodoyia is best rendered by "astronomy"— 
or simply as “mathematicians”)’ The theory reportedly put forward by 
Eudoxus and revised by Callippus represented the apparent motions 
of the stars and planets as outcomes of systems of concentric rotating 
spheres. This theory as reported did not explain the physical mechanics 
and causes underlying those motions, perhaps because neither Eudoxus 
nor Callippus was concerned with those issues. In Phys. 2.2, 193b22- 
194a12, Aristotle distinguishes this theoretical manner of studying the 
heavens (GotgoAoyia) from the proper study of nature by pointing out 
that astronomers—like mathematicians—do not study the properties of 
bodies qua properties of those bodies, but qua separable from them.* 
For Aristotle, however, just as for Plato, the study of the heavens is 
part of the investigation of nature,’ and thus the heavenly bodies and 
their features will have to be studied in a manner that takes their natures 
fully into account—nature both in the sense of form and of matter. This 
physical approach to the study of the heavens is evidenced, for instance, 
in Aristotles claim that each of the spheres in his system is corporeal, and 
thus not simply a mathematical construct (De caelo 2.12, 293a7-8): 


EXCOTH SE oqoioo OWMUG TL TVYXAVEL Ov. 


For each sphere is some kind of body. 


Therefore, if for Aristotle cosmology is part of the science of nature, 
and if scientific knowledge involves the knowledge of all four causes," a 
merely mathematical approach (such as favored by the astronomers and 
by Aristotle himself in many of the arguments in the De caelo) will not 
be sufficient to generate complete knowledge concerning the heavens, 
for the following reasons. By its very nature, mathematical reasoning 
cannot yield understanding of final causes (there are no final causes 


7 See De caelo 2.14, 297a2-4 (Magtuget dé tovtots xai và TAEG TOV yaðnuatxõv 
Neyóneva. negi thv doroohoyiav; “what the mathematicians say in astrologia also testifies 
to this”), 2.10, 291a29—b9; 2.14, 298a15. 

8 Cf. Meta. 1.8, 989b33-990215; 3.2, 997b16-998a1 and 13.2, 1076b39-1077a4 where 
Aristotle describes Goteokoyic. as not dealing with perceptible magnitudes or with the 
heavens above. Cf. Simplicius In phys. 293.7—10, 290.20-24 (on the Greek conception of 
coteokoyia as being part of mathematics, not physics); Mueller (2006) 179-181. 

? Aristotle emphatically introduces his study of the heavens as a part of the study of 
nature: see for instance De caelo 1.1, 268a1 (H negi pVoswg EnioThun), 3.1, 298b2-3 (tS 
TEL PUOEWS tovoolac), and Meteor. 1.1, 338a20-25. 

10 See e.g. Phys. 2.2, 194a10-16, 2.3, 194b17-23; An. post. 1.2, 71b9-13 and 2.11, 
94a20-27: cf. also Falcon (2005) 15. 
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in mathematics, because there is no change or good in that domain).!! 
Hence, astronomy only yields understanding of the shape and size of the 
heavenly bodies, and of their distances from each other and from the 
earth. This gives important information about the quantitative properties 
of the heavenly bodies and their motions, especially if combined with 
arguments drawing from principles of physics. However, as a natural 
philosopher, Aristotle is also interested in the nature of the heavenly 
bodies, in their material composition, and in the causes of their motions 
(i.e., in their material, formal, efficient, and final causes). The opening 
words of the De caelo are significant: 

“H regi plosog EmLoTy WH oxeóóv 1) nAeiorq paivsrm negi Te oóuara xod 

ueyéðn xai và TOWTWY OV0a TAD KAL TAG XUVI]OELG, ETL OE TEQL TAG ALXAS, 

Goat ts Toraurng odoiag £lotv- 

The science of nature is patently concerned for the most part with bodies 


and magnitudes, the affections and motions of these, and further, with all 
the principles that belong to this kind of substance. (1.1, 268a1-4) 


Because the natural sciences are concerned with all four types of causes, 
and especially since the understanding of final causes is crucial (because 
the natural sciences are concerned with things that undergo change), 
Aristotle needs an additional strategy to extend scientific knowledge as 
he understands it to the domain of the heavens. This strategy involves 
the application of teleological principles of the sort he employs in his 
biology precisely as a heuristic for finding final causes where they are not 
immediately observable. In short, Aristotle uses teleological principles 
to discover purposes and functions among the heavenly phenomena, 
and thereby tries to turn his study of the heavens into a proper natural 
science. 


H Meta. 3.2, 996a21-b1. 

12 Aristotles treatment of cosmology as part of the study of nature also explains 
why the teleological explanations are mainly found in the second book of the De caelo. 
For it is this book that deals most specifically with the heavenly bodies qua subjects 
of motion, that is, with the plurality, direction, and complexity of their motions, the 
physical mechanisms underlying those motions, and the shape of the heavenly bodies 
required to perform those motions. On the other hand, we find no teleological accounts 
regarding Aristotles views on the nature of the heavens as a whole (for instance, for such 
features as the heavens size, uniqueness, or eternity—topics that are dealt with primarily 
in book I), or regarding the motions and features of the four terrestrial elements (dealt 
with in books 3-4), which are not part of cosmology properly speaking. Aristotles use 
of causal language in the De caelo also reveals that the second book is more concerned 
with Aristotles own attempts to provide physical explanations than any of the other 
books: of the 28 occurrences of the term aitiov in the whole of the De caelo, 10 can 
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For Aristotle, scientific research comprises two stages of enquiry: the 
first stage consists in the systematic collection of observations of the phe- 
nomena, and the second one in the attempt to detect correlations and to 
give causal explanations of the phenomena. However, as Aristotle makes 
clear several times in the De caelo (see his introductions to teleological 
explanations discussed below in section 3), it is not at all an easy under- 
taking to give physical explanations of cosmological phenomena. The 
central problem is the limitedness—or even lack—of empirical evidence: 
the observations of the heavens we have are too few, and the objects of 
observation are too far away to offer any certain evidence.? The only 
observation that seems to be rock solid is that of the rotation of the heav- 
ens (De caelo 1.5, 272a5—6 TOV 6 OVEAVOV ópoGuev xox)o otoeqóue- 
vov: ^we see the heavens turning about in a circle"). Notwithstanding the 
many methodological caveats we find in De caelo (I shall discuss them 
in section 3 below), Aristotle remains confident that it is still possible to 
give explanations of cosmological phenomena that go beyond the mere 
fact that heavens rotate, and also beyond the conclusions (mathemati- 
cal or numerical) that reasoning yields about numbers, sizes, shapes, and 
distances, for instance. 

My contention is that Aristotles use of teleological principles, by anal- 
ogy with their use in the biological domain, '* forms an important part 
of his strategy to increase the possibility of gaining scientific knowledge 
of the heavens. Thus, when Aristotle does proceed to give "physical" or 
"scientific" explanations, he is unremittingly teleological in his approach. 
The explanations thus presented will not qualify as demonstrations in a 
strict sense (i.e., not as demonstrations as described in Analytica poste- 
riora or De partibus animalium), because they do not set out to demon- 
strate the truth but merely the reasonableness of certain causal scenar- 
ios. However, they go a long way in taking away some of the puzzlement 


be found in book 2 (as opposed to 4 in book 1, 3 in book 3, and 11 in book 4), and of 
the 28 occurrences of the term aitia, 21 can be found in the second book (as opposed to 
none in the first and the third book, and 7 in the fourth), while the references to causes 
and explanations in the fourth book are often (i.e., in 4.1, 308a25; 4.2, 309a5, 309a10, 
309228 and 31022; 4.6, 313a22)—although not exclusively—used in descriptions of views 
entertained by Aristotles predecessors. 

13 Cf. Meteor. 1.7 and An. pr. 1.30. 

14 Pace Falcon (2005) 101, who argues that "Aristotle is reluctant to extend the results 
achieved in the study of plants and animals to the imperishable creatures populating the 
celestial world.” 

15 Cf. Lloyd (1996) 182. 
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pertaining to the heavenly realm and thus in making sense of the heav- 
enly phenomena. And as Aristotle has indicated elsewhere,’ “making 
sense” in such difficult circumstances entails giving an account of the 
heavens that is free of impossibilities. 

Let us finally turn to some examples of the actual teleological expla- 
nations Aristotle provides in the De caelo. Broadly speaking, Aristotle 
gives two kinds of teleological explanations. The first kind consists of 
explanations that stand on their own (that is, they do not form part of 
an interrelated sequence of arguments), and set out to explain the pres- 
ence of certain features and motions of the heavens." In these cases (i.e., 
2.3, 286a7-9; 2.5, 288a2-12 and 2.12, 292a15—b25), Aristotle explains the 
presence of some observed fact by reference to the good it serves within 
the heavens as a whole. The basic teleological idea is that whatever can 
be seen to be present, must be there to serve some good. 

The second kind consists of those teleological explanations that ex- 
plain the absence of heavenly features (this kind is used in 1.4, 271a22- 
33; 2.8, 290a29-35; 2.9, 291a23-25 and 2.11, 291b10-15). They usually 
follow after a series of mathematical or numerical arguments following 
the style of the astronomers. While the latter point out that it is, for 
instance, mathematically impossible for some motion or feature to be 
present, the teleological explanation is set up to provide a counterfactual 
argument claiming that those motions or features in reality could not 
exist in the heavenly realm, because if they did, they would be in vain. 
The teleological principle invoked in all of these cases is that nature does 
nothing in vain. 

In the next two sections, I shall discuss an example from each group. 


3. Explaining why there is a 
plurality of motions of the heavens (Example 1) 


The first example of a teleological explanation that I should like to discuss 
pertains to the plurality of the heavenly motions: different heavenly 
bodies are observed to move in different directions—why is it that they do 


16 Meteor. 1.7, 344a5-7: “We consider a satisfactory explanation of phenomena inac- 
cessible to observation to have been given when we reduce them to what is possible” 

17 Evidently there are no teleological explanations of the generation of the heavenly 
bodies as they are eternal and not generated. Cosmological teleological explanations are 
thus naturally restricted to the explanation of the features and motions belonging (or not 
belonging) to the eternal heavenly bodies. 
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not all move in the same direction? Aristotle introduces his explanation 
as follows (De caelo 2.3, 286a3—7): 


Enel & odx śorw Evavtia xivqnotg 1] xoxAo TH x0xXo, oxexv£ov tà TL 
nAeioug elol pogai, xaimeg TOQEMPEV MELOWLEVOLS noioa THY Eht- 
OW, TOEEM Ó ody OUTH TH TOMW, TOAD ÔÈ uGAAov TH vOv ovupepnxóvov 
adroig TEL TAUTAV OALywv £yev aiodnow. óuwg dé A€y~wuev. Å 6 aitia 
negl AUTOV £vO£vóg Mqrrea. 


Since there is no motion in a circle contrary to motion in a circle, we must 
examine why there are several locomotions, though we must try to conduct 
the inquiry from far off—far off not so much in their location, but rather 
by virtue of the fact that we have perception of very few of the attributes 
that belong to them [i.e., the motions]. Nonetheless, let us speak of the 
matter. The explanation concerning these things must be grasped from the 
following [considerations]. 


This text shows that Aristotle is very well aware of the fact that it is 
problematic and difficult to offer explanations of what is present in the 
heavens, given the lack of empirical evidence: we are simply too far 
removed from the objects of inquiry in distance.!? 

It is significant that Aristotle is nevertheless confident that there is 
a way of answering this particular question, and that this answer fol- 
lows from a teleological consideration. As we will see shortly, the con- 
siderations "from which the explanation must be grasped" is the sup- 
position of the teleological principle that everything that has a func- 
tion must exist for the sake of that function. By positing a teleologi- 
cal principle and, hence, by setting a framework within which one can 
search for the possible functions of those very features that have been 


15 Cf. Burnyeat (2004) 15-16, who observes that "De caelo 1 contains an unusually 
high number of occurrences of words like sixotóg and £0A0yov which express epistemic 
modesty: this or that is a reasonable thing to believe? I should like to add to this 
observation that words of “epistemic modesty” are even more abundant in book 2 where 
the explanation of the presence and absence of heavenly features properly speaking is 
at stake (I counted only two occurrences of the word evAoyov and none of the word 
elxotróg in De caelo 1; in De caelo 2, I counted 15 occurrences of the word e0Xoyov 
and two of the word eixoróxc). On the significance of words like eixovóc and cognates, 
see also the contribution by Bolton (2009) in this volume. Note also that Bolton reads 
"disclaimers" like the one quoted above as marking the inferior dialectical arguments 
Aristotle provides throughout De caelo (see in particular section 2.1). In my reading, 
these introductions indicate that Aristotle, after having offered dialectical or astronomy- 
style arguments earlier, now intends to offer genuine physical or scientific explanations, 
but that they will necessarily be of a weaker kind and, hence, only amount to what is 
reasonable. 
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observed, one might be able to find the explanation of why those fea- 
tures are present. On the other hand, the implication also seems to be 
that this kind of knowledge cannot be gained by other means: observa- 
tion is certainly ruled out (observation in this case will only yield knowl- 
edge of the fact that there are several motions, not of the reason why), 
but also mathematical arguments are not what is called for in these situ- 
ations, again because they cannot yield the reason why there are several 
motions. 

Interestingly, the other two teleological explanations that stand on 
their own and explain the presence of heavenly phenomena are also 
immediately preceded by a discussion of the methodological problems 
related to this very enterprise of providing explanations in the strong 
sense for phenomena at such a remove (see De caelo 2.5, 287b29—288a2; 
2.12, 291b24-28 and 292a14-18). In all these methodological introduc- 
tions, Aristotle expresses his conviction that, even though the empirical 
evidence is scanty, it is still possible to state the phenomena; and that 
given all the limitations, the explanations offered are the best ones pos- 
sible.” The explanations that follow these introductions are all teleolog- 
ical in nature, which shows that Aristotle has strong confidence in the 
explanatory force of teleology also in these difficult cases.?? 

Returning to our example from De caelo 2.3, the teleological principle 
from which “the explanation of why there are several locomotions of the 
heavens must be grasped’, is the following (De caelo 2.3, 286a8): 


"Exaotóv otuv, ov &ouv Éoyov, évexa tot £oyov. 


Each thing that has a function is for the sake of that function. 


1? Pace Guthrie (1939) 165. 

20 This point is also made by Lloyd (1996) 171, with regard to the explanations in 
De caelo 2.5 and 2.12: “Thus it is surely significant that both on the problem of why 
the heavens revolve in one direction rather than in the other—in 2.5—and on the 
difficulty of the complexities of the motions of the non-fixed stars—in 2.12—his positive 
speculations invoke teleology.’ I disagree, however, with Lloyds interpretation of the 
significance of this connection between Aristotle's methodological disclaimers on the 
one hand and his use of teleology on the other. According to Lloyd (1996) 161, 173, 
175, 180, Aristotle's main interest in cosmology follows from his concern to establish 
his teleology, and especially the orderliness of the heavens. However, I do not believe that 
Aristotles epistemological hesitations are not genuine here, or that Aristotle's concern 
for the establishment of teleology is all that prominent in the De caelo. On the contrary, 
I believe that Aristotle uses his teleology, already firmly established on the basis of the 
abundance of empirical evidence discussed in his biological works, to extend—where 
possible—his knowledge of the heavens. 
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This isa common principle in Aristotles biology (see, e.g., De part. an. 
1.5, 645b15-18), where it is claimed that each part of the body is for the 
sake of the performance of some function. By stating it here, Aristotle 
makes explicit that in his view, teleology extends to the heavenly domain 
and, hence, that some of the puzzling cosmological phenomena can be 
explained by reference to teleology. Aristotle also must refer to teleology 
here, since material causes alone cannot account for the differences in 
locomotions in the heavens (for all spheres are made from the same 
material, which is aether)?! The assumption that everything that has 
a function is present for the sake of that function allows a series of 
inferences that ultimately yield the explanation of why there are several 
motions of the heavens: if this principle applies, then each of the motions 
must serve its own function. 

Aristotle continues his explanation by identifying the function of the 
first motion, in the following way (De caelo 2.3, 286a8-11): 

Ocot & śvćoysta adavacia: todo 8 oti Gor] ótóvoc. bor avayxy tO 
Derm”? vivyo diwy dndoysw. Enel © 6 odgavóg rowodTog (Opa yao 
qi delov), Si, TOUTO EXEL TO £yxUxAiov oua, Ô qvos nwetrau x00 Get. 
The activity of god is immortality, and that is everlasting life. In conse- 
quence, it is necessary that eternal motion belongs to the divine. Since the 


heavens are of this sort (for this body is a divine thing), for that reason the 
heavens have a circular body that moves naturally in a circle forever. 


The reasoning is that, if the function of the divine is immortality, and 
if the heavens are divine, then the function of heaven is immortality. 
Furthermore, if being immortal is the defining function of heaven, then it 
is a necessary prerequisite for it to possess an eternal motion. That is, for 
heaven as a whole to be able to perform its defining function or its activity 
of being immortal, it has to perform at least one kind of eternal motion. 
And the only kind of motion capable of uniform eternal continuity is 
motion ina circle. 

This explanation, curious as it may sound, resembles a particular type 
of explanation that Aristotle frequently offers in his biological works. 


21 Cf. Simplicius (quoting Alexander), In de caelo 396.6-9: “it is not possible to make 
either natural or material necessity responsible for these things, since both spheres have 
the same matter, but it is necessary to give an account of the difference in terms of some 
divine governance or ordering.” For an analysis and defense of Aristotle’s arguments for 
the existence of aether, see Hankinson (2009) in this volume. 

? Here I follow Leggatt in reading dei instead of Se with most manuscripts: see 
Leggatt (1995) 227. I believe Aristotle's argument to be that the celestial sphere is like a 
divine being in the sense that both partake in eternal motion, not that it itself is a god. 


EXPLANATION AND TELEOLOGY IN ARISTOTLE S COSMOLOGY 225 


Consider the following example taken from De partibus animalium, 
where Aristotle provides an explanation of why birds have wings (4.12, 
693b6-14):? 


TOV vào EVALLOV 1] TOD Ógvidog ovota, Gua dé xoi TIEQVYWTOS. ... TOS 
Sew dt £v TH] OVOLG TO TINTLXOV EOTLV. 

For the substantial being of the bird is that of the blooded animals, but at 
the same time it is also a winged animal, ... and the ability to fly is in the 
substantial being of the bird. 


Aristotle takes the essence, or the substantial being of the animal, as a 
starting point, and derives from this essence the necessary prerequisites 
of something being what it is. Just as birds must have wings because they 
are essentially flyers (and the only way for birds to perform their defining 
function is by using their wings), so too the heavens must have a spherical 
body and move eternally in a circle because they are essentially immortal. 
According to this argumentation, eternal motion in a circle is the proper 
attribute of an immortal body such as the heavens. 

However, Aristotle has not yet explained why there are several motions 
of the heavenly bodies. The second part of the explanation of why there 
are several motions consists of a complicated chain of arguments, based 
on a total of six assumptions. The starting point of this chain is the 
conclusion of the first part of the explanation, which is the necessity of 
there being an eternal motion of the outer sphere in order for the heaven 
to be immortal. The reasoning Aristotle employs is deductive, but the 
type of necessity to which Aristotle refers is sometimes that of a necessary 
consequence, while at other times it is the necessity of something having 
to be present first if something else is to be present (the latter is what 
Aristotle calls conditional necessity). Let me give a summary of the 
chain of arguments (De caelo 2.3, 286a13-286b2): 


(a) If there is to be a body that moves in a circle eternally, it must have a 
center that remains at rest. 

(b) For there to be a fixed center, the existence of the element earth is 
a necessary condition (i.e., since whatever is made of aether cannot 


23 Cf. De part. an. 4.13, 697b1-13 and 3.6, 669b8-12. For my analysis of the structure 
of this type of teleological explanation, see Leunissen (2007) 170-171. 

24 The formula dvdyxq ... giva” is repeated six times: in De caelo 2.3, 286a13; 
286a20, and 286b2 (see (a), (b), and (f) above), the necessity is conditional; in 286a22, 
286a28, and 286a32 (see (c), (d), and (e) above), the necessity indicates a necessary 
consequence. 
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remain at rest, there must be a second element next to aether, the 
natural motion of which is to move towards the center and then to 
remain at rest in the centre). 

(c) If there is to be earth, then it is a necessary consequence that there 
is also fire (for earth and fire are contraries, and if the one exists, so 
does the other). 

(d) Ifthere is to be fire and earth, then it is a necessary consequence that 
the two other elements exist (for water and air are in a relation of 
contrariety to each of the other two elements). 

(e) From the existence of the four elements, it necessarily follows that 
there must be generation (for none of the four sublunary elements 
can be everlasting). 

(f) Ifthere must be generation, then it is necessary that there exists some 
other motion. 


According to this account, generation is a necessary consequence ofthere 
being sublunary elements, whose existence is a necessary condition for 
there to be an eternal, cyclical motion of the outermost sphere of the 
heavens carrying the fixed stars. However, having established that it is 
necessary for there to be generation (as a consequence of there being 
the four sublunary elements), Aristotle turns the argument around, and 
reasons that if there is to be generation, then it is conditionally necessary 
for there to be other motions, because the motions of the outermost 
sphere alone cannot cause generation. Accordingly, generation is that 
for the sake of which all the other motions (namely, the motions of the 
planets) take place. This is how Aristotle summarizes his explanation (De 
caelo 2.3, 286b6-9): 


Nov 6€ tooottov ou ófńAov, 016 tiva aitiav nAeiw TA £yxUxNd. EOTL 
omuata, Sti åváyxy yéveow eivat, yéveouv ð, eieo xoi xo, TodTo è 
zal TÓNAA, eie xai yiv: radny © öt dvdyxn uévew ni del, elrieo nal 
utvetodat ri dei. 

For the moment so much is clear, for what reason there are several bodies 
moving in circles, namely, because it is necessary that there is generation; 
and (because) generation (is necessary) if there also has to be fire; and 
(because) that one and the others (are necessary) if there also has to be 
earth; and (because) that one because it is necessary that something always 
remains at rest, if there has to be something that is for ever in motion. 


The complete explanation of why there are several motions of the heav- 
ens is thus that there are several functions for the sake of which these 
motions are present. There is one eternal motion in a circle (performed 
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by the outer sphere carrying the fixed stars) for the sake of realizing the 
immortality of the heavens, and there are other motions (performed by 
the inner spheres carrying the planets) for the sake of generation. 

Here, the use of the teleological principle allows Aristotle to draw an 
organic picture of the cosmological system in which all the observed 
motions can be explained by the purpose they serve. Arguably, this 
picture and the type of reasoning behind it are not without problems,” 
but at least Aristotle is able to give some rationale for some phenomena 
the astronomers did not explain. The plurality of the motions of the 
heavenly bodies makes sense in the light of the need for the heaven as a 
whole to perform an eternal motion, if it is to be truly immortal, and as a 
corollary—of the need for there to be generation, if this eternal motion is 
to be at all. In sum, the lack of empirical evidence makes it hard to provide 
fully-fledged physical explanations in cases like these, but through the use 
of teleological principles that are well established in his biology Aristotle 
at least succeeds in mitigating some of the perplexities pertaining to some 
heavenly phenomena. 


4. Explaining why stars have no feet (Example 2) 


I shall now turn to an example of the second type of teleological expla- 
nations, where Aristotle uses some form of the teleological principle that 
nature does nothing in vain in order to explain the absence of heavenly 
features, usually after a series of mathematical arguments or discussions 
of the available empirical evidence. 

The explanandum to be discussed concerns the question whether or 
not the stars and planets possess a motion independently of the motion 
of the spheres. One explanation is given in chapter 2.8. Ultimately, the 
purpose of the chapter is to show that the heavenly bodies (most likely) 
do not possess a motion of their own, but are carried around fixed in 
concentric spheres.” First, Aristotle sketches three possible scenarios 
concerning the motions of the heavenly bodies and their spheres (De 
caelo 2.8, 289b1-3). As both are observed to move as a whole, it is 


?5 For instance, it does not establish an explanation for each of the individual motions 
of the planets, or for the need for there to be generation. This latter point is well brought 
out (along with others worth noting) by Hankinson (2002-2003) 31-32. 

26 The basic idea is that if the stars possessed their own motion, they would be self- 
movers; and this would make them in principle able to stop their motions, which would 
threaten the eternity of the heavens and life as we know it. 
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necessary that the change of position takes place with both the heavens 
and the stars being at rest, or with both moving, or with the one moving 
and the other at rest. Aristotle then refers to empirical evidence (De 
caelo 2.8, 289b5 où yao àv £ylyveTo và Patvoueva, 289b10 paiverau) 
and gives mathematical arguments (2.8, 289b27-28 và AUTA xal GLOLWC 
&orat GAoya.) in order to show that the scenario in which the spheres 
move while the heavenly bodies are at rest is "the least absurd" (2.8, 
289b34-35 Uóvwg YAO odTwg oddev dXoyov ovuatveu. In addition to 
this, Aristotle offers a final teleological argument in favor of this theory, 
arguing for the unlikelihood of the stars and planets possessing a motion 
on their own. The argument runs as follows (De caelo 2.8, 290a29- 35): 


IIpóc 6 rodTotg GAoyov tò unÜ£v ógyavov adToig &x0600vou THY PUOL 
OOS TI xivnow (OVBEV vào dg Ervye norih (Uoc), OVSE TÓV LEV GaOov 
poovrioa vv & obvo vov Uregióciv, GAN ~oixev Doneo Erirnóec 
dpeheiv návta bv àv évedéyeto nooiśvai xa’ adró, ai StL nAeloTov 
AMOOTŃOaL TOV EXÓVTWY ÓQYAVA TQOG KIVNOL. 


In addition to these arguments, it would be absurd that nature gave them 
no organ for motion (since nature does nothing as a matter of chance), 
and that she should care for animals, but disregard such honorable beings; 
rather, it seems that nature, as though deliberately, has taken away every- 
thing by means of which they might possibly in themselves have effected 
forward motion, and that she set them at the greatest distance from those 
things that possess organs for motion. 


In a way, Aristotles explanation here parallels that of Plato in the Timaeus 
(33d-34a). In this dialogue, Timaeus explains that the divine craftsman 
did not think it necessary to equip the heaven—self-sufficient and perfect 
as it is—with hands or feet for walking: 


yńoato yao adTó 6 ovvüsic adraoxeg öv duewov Eosodai UGAAOV 1| 
npooóetc dAAwv. YELOdv Óś, oic oŭte Aoeiv odre ad twa dudvaodoa 
xoela tis HV, udany odx dero Seiv adró nooodntew, OSE TOSOV OVSE 
AWS tis neol thy Pdow dnnęeoiag. xivqow YAO GTEVELLEV AUTH Tv Tod 
OWUATOS Oixeiay, TÕV Ente TI nei vodv xoi poóvnow uáMota OVO: 
ÓW ÔN KATH TADTA EV TH UTM xai EV EAUTO AEQLAYAYMV AVTO ErOLNOE 
wo. xieiodai OTOEPOLEVOY, vàc ÔÈ EE åndoac xwrjosts åpehev xal 
àmhavès anoyaoato £xetvov. £i dé tiv xeotoóov tavtyv GT obdev 
TOS@v Ó£ov GoxEhes xai (ovv AUTO EYEVVIOEV. 


For he thought that a being which is self-sufficient would be much better 
than one which is in need of other things. And he did not think it was nec- 
essary to attach hands to it to no purpose—hands for which there would 
be no need either to grasp or to defend itself against anything; nor had it 
any need of feet, nor of the whole apparatus of walking. For he assigned 
to it the motion that is most suited to its body, [the motion] which, of the 
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seven, is the most appropriate to mind and to thinking. And, therefore, he 
caused it to move in the same manner and on the same spot and revolving 
in a circle within its own limits. All other six [motions] he took away and 
it was made not to partake in their deviations. And as this circular motion 
required no feet, the universe was created without legs and without feet. 


In this passage, Plato describes how the heaven was created and was 
given its circular motion, which is most appropriate for its spherical 
shape. The other types of motion—forwards/backwards, to the left/to 
the right, and up/down—were taken away from it (Tim. 34a5 O«peiAev). 
However, instead of this mythological account for why the stars have no 
feet, Aristotle opts for a naturalistic explanation. 

The structure of Aristotles argument is quite complex. In short, it con- 
sists of a reductio ad absurdum followed by an alternative account pro- 
claiming the purposiveness or, perhaps even the providence, of nature. 
The first part of the argument builds upon the implicit counterfactual 
assumption that if the stars “were intended by nature” to be moving on 
their own, it would be absurd for nature not to have given them organs 
for motion, given the fact that nature did provide such organs to “lesser” 
beings. I take the expression that “nature does nothing as a matter of 
chance” to be equivalent to the principle that nature does nothing in vain: 
living beings always have the parts that they need, and if the heavenly 
bodies lack organs for motion, that lack must be for the sake of some- 
thing; or, to put it the other way around, if the organs for motion are 
absent in heavenly bodies it must be because their presence would have 
been in vain (they would have had no function to fulfill in this particular 
kind of being). The reference to the honorable status of heavenly beings 
implies that Aristotle takes the teleology of nature to apply even more to 
them than to the sublunary beings." 


27 Aristotle repeatedly offers the a fortiori argument that if one agrees that animals and 
plants neither come to be nor exist by spontaneity (but for the sake of something), then the 
claim that spontaneity is the cause of the heavens—which is most divine and exhibits the 
greatest order—must be absurd, and that one has to conclude that final causality pertains 
to the heavenly realm as well. See Phys. 2.4, 196a24-b5; 2.6 198a1-13 and De part. an. 
1.1, 641b16-23: 


This is why it is more likely that the heavens have been brought into being by such 
a cause—if it has come to be—and is due to such a cause, than that the mortal 
animals have been. Certainly the ordered and definite are far more apparent in the 
heavens than around us, while the fluctuating and random are more apparent in 
the mortal sphere. Yet some people say that each ofthe animals is and came to be by 
nature, while the heavens, in which there is not the slightest appearance of chance 
and disorder, were constituted in that way by chance and the spontaneous. 
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The implicit underlying teleological principle here is that each capacity 
(in this case the capacity to locomote) requires an organ?* and that thus 
locomotion ofthe stars is possible if and only if they have organs for loco- 
motion. The absurdity lies in the fact that nature did provide less honor- 
able beings with organs for motion, and that we would have to conclude, 
were we to accept this account as true, that nature purposely neglected 
more honorable beings such as the stars. Since this account is of course 
unacceptable within Aristotles view of the way nature operates, the oppo- 
site scenario, set out in the second part of the argument, must be the case: 
nature has taken away every means of locomotion, and thereby set a dis- 
tance between the heavenly bodies and the sublunary beings equipped 
with organs for motion.? As Aristotle explains, spherical bodies are least 
fit to effect forward motion on their own, because they lack "points of 
motion" (De caelo 2.8, 290b5—8): 

Eds SE Thy eic TO ztoóo0ev GYENOTOTATOV: xota yàg ópotov voic dV 
adtóv xwiuxoic: OVSEV YAO dsmoTnuŚvov ExEL OSE moo£yov, OTE 
TO £000 yYoodutov, AAAA nAsioTov APEOTHXE TH oynua TÓV TOQEVTLAOV 
OOUÓTOY. 

For forward motion it is least fit, since it is least like to those things that 
produce motion on their own; for it does not have any appendage or 


projection, as does a rectilinear figure, but stands most apart in shape from 
those bodies equipped for locomotion. 


The core of this teleological argument for why the heavenly bodies do 
not have a motion of their own and, hence, must be fixed in spheres, 
is thus the assumption (presented as a fact) that heavenly bodies do not 
have feet or any other organs for locomotion. For, if nature—for the most 
part—does nothing in vain and the heavenly bodies have no feet, then the 
conclusion is reasonable that nature must have "designed" the heavenly 
bodies not to be able to move on their own. 

The teleological argument that Aristotle offers here is again in many 
ways similar to explanations we find in the biological works. In biology, 
Aristotle holds that all animals that are capable of locomotion must have 
organs for motion?? and that animals without organs for motion are not 


?3 De gen. an. 1.2, 716a24-25. 

2? Aristotle considers it to be better for the superior to be separated from the inferior; 
cf. De gen. an. 2.1, 732a6-8, where Aristotle explains that it is better for the male and the 
female to be separated, for “it is better that the superior principle should be separated 
from the inferior.” 

30 De part. an. 4.10, 686a35-b1: “all (animals) that walk must have two hind feet"; 
De incessu 3, 705a19-22: "Ihat which moves always makes its change of place by the 
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capable of locomotion.*! These two “laws” are exhaustive with regard 
to all blooded land walkers. The one and only exception to this rule is 
formed by the footless snake,* which obviously does not have organs 
specifically designed for locomotion, but moves forward by bending 
itself. Just as in our example concerning the heavenly bodies, Aristotle 
explains the absence of feet by invoking the principle that nature does 
nothing in vain (De incessu 8, 708a9-20): 


totic © ÓGEOL OLTLOV TAS àxtoótac TÓ TE TV qot undev motetv UdTNY, 
ANNO. xt&vra. TQOG TO AQLOTOV dnoBhórovoay é EXCOTO (èx) TOV èvõeyo- 
uévov, õiaootovoav é ÊXÁOTOV mhv iólav odoiav xai TO ti HV AUTH elvan: 
śm 68 xoi TO moótegov uiv sionuśvoy, TO TOV żvaiuwy UNVEv olóv T el- 
vat ztÀetoot xiveloda onpietots 1] TETTAQOW. £X TOUTOV yàg pavegòv OTL 
TOV śvaiuwy boc xarà TO uzos åoúpuetgá EOTL _TQÓG tiv dhhny Tod 
OOo toc púow, nodóeQ ol óqetc, oddev adTóv olóv 9' oxóztOvY eivat. 
nAeloug UŻY YAQ TETTAQWV OWY OLÓV TE AUTA. nóddę t EXEW (dvanua. yoo 
àv ñv), Éyovxa 88 800 TOSAS i| TEWTAQAS oxEdOv HV GV àxivNTaA TCO: 
otvo Peadeiav &voryxodov eivai xai &veqeXMi thv xivnow. 


The reason why snakes are footless is both that nature does nothing in 
vain, but always, from among the possibilities, picks what is best for each 
thing, preserving the proper substantial being of each, and its essence; and 
further, and as we have stated previously, none of the blooded animals can 
move by means of more than four points. For from these [two premises] 
it is apparent that none of the blooded animals that are disproportionately 
long relative to the rest of their bodily nature, as are the snakes, can be 
footed. For, on the one hand, they cannot have more than four feet (since 
in that case they would be bloodless); and, on the other hand, having two or 
four feet they would be pretty much completely immobile—so equipped, 
their motion would necessarily be slow and useless. 


In short, starting from this principle, Aristotle offers the counterfactual 
argument that if nature had equipped snakes with feet, snakes would 
move very badly and the feet would have been next to useless. Given the 
principle that nature does nothing in vain (and that nature cannot give 
snakes more than four feet, since, in that case, the snake would not be 
blooded), snakes do not have feet.?? 


employment of at least two organic parts, one as it were compressing and the other being 
compressed.” 

31 De incessu 3, 705a23-25: "And so nothing that is without parts can move in this 
manner; for it does not contain in itself the distinction between what is to be passive and 
what is to be active" 

32 De part. an. 4.11, 690b14—18; De incessu 4, 705b25-29. 

33 However, the fact that snakes do not have organs for motion does not mean that they 
do not locomote: they move forward by bending themselves (see De incessu 7, 707b6- 
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There is, however, an important difference between the explanatory 
force of the use of this principle in biology as opposed to its use in cos- 
mology, and this difference derives directly from the lack of observational 
evidence in the latter domain. For, in the biological domain observation 
determines the possibilities of what nature does and does not produce.** 
In the case of the footless snake, observation shows that all other blooded 
animals that live on land have feet; blooded land dwellers share to a cer- 
tain extent the same formal nature, which explains the occurrence of cer- 
tain coextensive features like the possession of a maximum of four feet. 
The snake also possesses all the properties that belong to blooded land 
dwellers, except for one. It is therefore rational to ask why this partic- 
ular property is absent in snakes. It is not rational to ask why snakes 
lack wings, telescopic eyes, or any other part that cannot be observed 
to belong to the wider class to which snakes belong. As there is a vir- 
tual infinity of properties that any animal does not have, it only makes 
sense for a natural scientist to explain the absence of those properties 
that belong to the “natural possibilities” of that animal; and what those 
natural possibilities are, can be established inductively, on the basis of 
observation and through comparison with related beings. 

In the cosmological domain, on the contrary, the range of possible 
ways in which a certain feature or motion can be present is only partly 
determined by observation. What cannot be observed might still be 
present, and what can be observed might be the result of a visual illu- 
sion. Aristotle often struggles with this question of how much credence 
we must attribute to our observations of the heavens, and of which obser- 
vations we should explain and which we should explain away. His gen- 
eral strategy is to explain the phenomena and hence to save them; but 
on occasion, especially when there are contradictory observations, the 
observations that conflict with the thesis that the stars move around fixed 
in concentric spheres are rather explained away. This is exactly what hap- 
pens in the paragraphs leading up to the explanation of why stars have 
no feet in De caelo 2.8, 290a12-29. Before giving his teleological argu- 


31; 8, 709a25-b4; 10, 709b27-28). This may point to a problem for Aristotles argument 
concerning the heavenly bodies: for the absence of organs for locomotion as such does 
not provide conclusive evidence that the stars in fact do not locomote. Of course, as the 
remainder of De caelo 2.8 points out, Aristotle is actually committed to the stronger claim 
that spherical bodies do not only lack organs for motion, but also “points of motion’, 
which (at least given Aristotle’s laws of sublunary mechanics) rules out any possible way 
of locomotion. 
34 Lennox (2001) 214-215. 
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ment demonstrating the likelihood of the absence of feet in stars, Aris- 
totle argued that if the heavenly bodies were to move on their own, they 
would either roll or rotate, but that neither of these motions is observed 
to take place. The impression that the Sun rotates in rising and setting? 
is then explained away: according to Aristotle, the rotation is merely a 
visual illusion, caused by the weakness and unsteadiness of our vision. 

What this makes clear is, first of all, that while in biology observations 
clearly show that snakes lack feet, observational evidence of the heavens 
gives much less certainty about the absence of feet in the heavenly bodies. 
For all we can tell, the heavenly bodies might be too far away for us to see 
their organs of motion. Secondly, observations of the heavens will not 
tell us whether there are any natural limitations to the possible ways in 
which nature could have “crafted” stars in order to make them able to 
move on their own. The absence of feet in the heavenly bodies in itself 
seems hardly enough to establish the reasonableness of the alternative 
theory that they do not effect any forward motion at all. 

This difference between the reliability and applicability of observa- 
tional evidence in biology and cosmology is important, because Aris- 
totles explanation in the case of the heavenly bodies is not prompted by 
the observation that they do not have organs for motion, as it is in the 
case of snakes.?6 There are no observations of the heavens that would 
reasonably lead to the expectation of heavenly bodies having feet in 
the first place. (One might object, however, that in this case the philo- 
sophical tradition within which Aristotle is working prompts this ques- 
tion).*” Rather, Aristotle works the other way around: because he wants 
to make the theory that the stars do not move on their own as rea- 
sonable as possible, he uses the teleological principle that nature does 


35 Xenophanes might have observed the same phenomenon, and gives it a similar 
explanation: see Diels and Kranz (1951) 21A41a doxeiv dé xvxAetodat tà TH åTÓOTA- 
ow; “[the Sun] seems to turn in a circle due to its distance.” 

36 In De part. an., the principle is commonly used in the context of a discussion of 
why animals have certain parts, where it is “discovered” that a certain kind of animal 
lacks that part while other members of its larger family or otherwise related animals have 
it. The question thus arises through comparative and empirical research. For examples, 
see De part. an. 4.12, 694a13—20 and 694a16-18; 4.13, 696a10—15 and 696a12. 

37 On this tradition, see Cornford (1937) 55-56; besides Plato, Empedocles also 
seems to have argued for the footlessness of the celestial sphere (Diels and Kranz, 1951) 
31B29: thv Bihiav Old ts EvMOEWS TOV ZpaiQov rorodoaw, Ov xai deóv óvoudGet, xai 
ODÓETEQWG notè valei opaigov Env’. où yàg dro voro O90 «Ndóoi GLOGOVTAL, od 
nóóec, od Pod yodv(a), où uńóa yevvijevta, AAAA. opaigog Env xoi (ndvrodev) ioog 
EQUTOL). 


H non-matching parenthesis 
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nothing in vain to argue for the likelihood of the absence of the organs 
of motion in the heavenly bodies.** 

In sum, it seems that in this example Aristotle goes out of his way to 
establish the reasonableness of the assumption that the heavenly bodies 
do not have a motion of their own and, hence, must be carried around 
while being fixed in concentric spheres. In the biological realm, the 
observation of what happens always or for the most part in nature 
is what allows us to draw inferences about cases in which the goal- 
directedness is less evident. In a domain such as cosmology, which 
is empirically underdetermined, such inferences are necessarily of a 
conjectural nature. However, if teleology extends to the heavenly realm, 
and Aristotle assumes that it does, then the use of teleological principles 
allows Aristotle to make the most sense of the phenomena, and to provide 
explanations appropriate to the science of nature, rather than merely 
astronomical or mathematical ones. 


5. Conclusion 


To a modern audience, Aristotle's teleological explanations of heavenly 
phenomena may sound rather unusual, but what I hope to have made 
clear in this chapter is that they make perfect sense within Aristotle's con- 
ception of natural science. If the heavens are part of nature, then we need 
at least to attempt to state all four causes for every heavenly phenomenon, 
even if the investigation has been made difficult because of the scarcity of 
empirical data. Aristotle's use of teleological principles thus follows from 
his treatment of the study of the heavens as part of the study of nature; 
and we have seen that this approach is especially prominent in the sec- 
ond book of the De caelo, where Aristotle searches for explanations of the 
features and motions of the heavens as a whole and of the heavenly bod- 
ies. The scientific investigation of an empirically undetermined domain 
such as the heavens is difficult, as his methodological reflections show, 
Aristotle is mostly well aware of all the problems involved. However, if 
one wants to gain knowledge of the heavens and its bodies, one has to try 
to give explanations that at least make the phenomena—both in terms of 
what can and of what cannot be observed—seem as reasonable as possi- 
kie” 


38 Aristotle repeats this argument in a reversed form in De caelo 2.11, 291b11-17. 
3° C£ Irwin (1988) 34. 
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The strategy that Aristotle employs to give plausible accounts is to posit 
teleological principles as a way of finding final causes in difficult cases. 
The principles used are not a priori axioms, but suppositions derived 
from empirical evidence. They are generalizations over the actions of the 
formal nature of beings, based on numerous observations made in the 
biological domain. Just as the use of these principles helped Aristotle to 
find final causes in cases where these were not immediately observable 
in biology, in the same way Aristotle hopes to find explanations for 
natural phenomena in the cosmological realm. This gives a very central 
role to Aristotles scientific practice in biology: one could say that where 
Aristotles philosophy of science as described in the Analytica posteriora 
offers the student of nature his scientific toolbox, the accessible and rich 
domain of biology is the students main workplace. The experience and 
knowledge acquired in studying biological phenomena may then—of 
course with suitable adaptations and refinements—be applied to other, 
less accessible domains of nature, such as that of the heavens. 

The application of teleological principles to the cosmological domain 
is itself based on the assumption that the heavens are no less teleological 
—and, perhaps even more teleological—than the sublunary realm is. 
However, as I have pointed out, the lack of empirical evidence in the 
cosmological realm also weakens to some extent the inferences that 
Aristotle draws within this teleological framework:? the explanations are 
plausible, but not as “conclusive” as the ones we can find in the biological 
works. 

For the De caelo this means that Aristotle argues as much from as 
towards teleology: starting from the assumption that the heavens as a 
whole are goal-directed, Aristotle tries to give a coherent, plausible, and 
reasonable picture of the heavens in which things are present or absent 
for a reason. This is Aristotle's main goal in the De caelo: even if it is not 
possible to give deductions that demonstrate why the heavens and the 
heavenly bodies have the features they have, one can still offer plausible 
physical accounts or inferences to the best explanation that take away 
some of the puzzlement concerning the heavens. 


40 Cf. Falcon (2005) ix: “there are features of the celestial world that outrun the 
explanatory resources developed by Aristotle for the study of the sublunary world” 
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THE ASTROLOGIZATION 
OF THE ARISTOTELIAN COSMOS: 
CELESTIAL INFLUENCES ON THE SUBLUNARY 
WORLD IN ARISTOTLE, ALEXANDER OF 
APHRODISIAS, AND AVERROES 


GAD FREUDENTHAL“ 


1. The changing role of the celestial influences on 
the sublunary world from Aristotle to Averroes 


One of the radical and long-lived innovations of Aristotle's physical 
world-picture was the introduction of the fifth substance. At an early 
phase of his development (reflected in his lost dialogue De philosophia), 
Aristotle still followed the Presocratics in believing in the essential mate- 
rial unity of the cosmos, and specifically held that the heavens were fiery. 
However, in his esoteric writings, those that are the core of what we con- 
strue as the mature Aristotle, the Stagirite introduced a decisive rupture 
of the universe by positing what later generations were to call “the fifth 
body” or "ether" This newly fathomed celestial matter was quality-less 
and impassive and, hence, in principle, a “stranger to generation and 
destruction” (Solmsen 1960, 289). Considered from the vantage point of 
his theory of matter alone, the sublunary world was now a closed system 
whose functioning depended solely on the laws of physics bearing on the 
bodies constituted of the four sublunary elements.! 

Yet, Aristotle was well aware that the sublunary world was not entirely 
self-sufficient, for obviously the Sun warmed it. As is well known, Aristo- 
tle explained the Suns heat through two ad hoc “mechanical” hypotheses: 
one states that the Sun warms by virtue of the friction between it and the 
air underneath; the other affirms that the heat is generated because the 
Suns movement scatters the elemental fire which is in contact with the 
celestial sphere. Aristotle offered two versions of this account (De caelo 


* CNRS, Paris. 
! [ described this development in Freudenthal (1995) 104, where further literature is 
indicated. 
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2.7; Meteor. 1.3, 341a12-36); but, as one scholar has justly commented, 
they are “both almost equally lame.” 

Aristotle posits one major effect of the superlunary world on the sublu- 
nary one: the efficient cause of all generation and corruption in the sub- 
lunary world is identified as the Suns double motion along the ecliptic 
(De gen. et corr. 2.10-11), since this motion brings about the seasons and 
keeps the four elements from settling into four stable, changeless, con- 
centric spherical layers (cf. De caelo 2.3, 286b1-9). Aristotle, therefore, 
considers the heavenly bodies to be the ultimate source of all motion and 
change in the sublunary world (Meteor. 1.2, 339a21-24) and holds that 
“in dependence on it [= the heavens as a whole] all other things have their 
existence and their life, some more directly, others more obscurely" (De 
caelo 1.9, 279a28—30; trans. Guthrie 1971).? Aristotle occasionally alludes 
to specific phenomena instantiating this principle. On the level of non- 
animate nature, we may mention the change of land into sea and vice 
versa, which is an "orderly" phenomenon produced by the "Sun's course" 
(Meteor. 1.14, esp. 351a32-34); and the two exhalations and their vari- 
ous effects such as the phenomena which take place in the upper atmo- 
sphere (Meteor. 1.4, esp. 342a29) as well as winds, rainfall, and so forth, 
which also go back to the Suns warming effect (Meteor. 2.4). On the level 
of animate phenomena, there is most famously the fact that “a human 
being is produced by a human being and the Sun?* “Spontaneous” gen- 
eration too is held to be brought about by the Suns heat and the duration 
of gestation and of the length of the life of animal species is also taken 
to depend on celestial motions.? Some natural phenomena (e.g., the time 
of menses) Aristotle similarly describes as depending specifically on the 
Moons motion.° All these natural phenomena are said to have the orderly 


? Longrigg (1975) 214; see also Moraux (1963) coll. 1204-1205. 

3 Quoted approvingly by Alexander, De providentia, (Ihillet 2003, 21.20-21; Fazzo 
and Zonta 1999, 158). Fora penetrating analysis of Aristotles views ofthe heavenly bodies 
as exerting owTnpia over the existents in the sublunary world, see Rashed (2002). 

4 Phys. 2.2, 194b13; Meta. 12.5, 1071a15; De gen. an. 4.10, 777535. I quote the 
elegant (and politically correct) translation in Sharples (1994b) 170. Oehler (1969) has 
convincingly argued that the purpose of this statement is to remind the reader of the Suns 
crucial role in continually mixing up the four sublunary elements, thereby producing the 
continued coming-to-be and passing-away; it has nothing to do with any ideas on the 
vivifying effect of the celestial bodies or of their heat. See also Freudenthal (1995) 38-39. 

5 On spontaneous generation, see Freudenthal (1995) 115 (and index s.v.); on length 
of life, see De gen. an. 4.10, 777b18ff. For further references and discussion, see Happ 
(1971) 505-512. 

$ E.g., De gen. an. 2.4, 738218 ff.; see also Préaux (1973), notably 88-90, 125. 
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heavenly revolutions, notably, the heat and cold which they produce, for 
their moving cause.” 

In Aristotles scheme, then, the paramount phenomenon of the Suns 
heat and its various effects in the sublunary world were recognized, 
although their compatibility with the separation of the cosmos into two 
separate realms was problematic. The tension, not to say incompatibil- 
ity, between the notion of the “fifth substance” and the posited effects 
of the Sun on the world of generation and corruption was well recog- 
nized by Aristotle’s medieval students. For instance, in the 1320s, the Jew- 
ish philosopher-scientist Gersonides (Levi ben Gershom, 1288-1344) 
praised Aristotle in the following words: 

Experience is the point of departure [lit. premise] for inquiry, not inquiry 
the point of departure for experience ... If we find through [experience] 
something that is incompatible with reason we should not reject experi- 
ence on this account ... Indeed, the Philosopher [= Aristotle] has done 
just this when he found through experience that the Sun heats the things 
[down] here, although it was evident through inquiry that the Sun is not 
warm and that anything that brings something from potentiality to actu- 
ality must of necessity somehow possess in actuality that which the other 
has in potentiality. Well, the Philosopher has not cast off this experience for 
the sake of these premises, but rather inquired how this [fact] is possible 
without contradicting the theoretical premises.® 


On the basis of theory, Gersonides argues, the Sun should not have had 
any effect on the sublunary world. For him, it is to Aristotles credit that 
he did not sweep its heating effect under the carpet. 

Against this background, consider now the following two passages 
from Averroes (Abt 1-Walid Muhammad Ibn Rushd, 1126-1298), the 
foremost and most faithful medieval student of Aristotle. In his Epitome 
(freely abridged summary) of Aristotle's Metaphysics, the Commentator 
writes: 


[74] We should now examine the subject of the providence exerted over 
things down here, i.e., below the sphere of the Moon. We proceed from 
previously [established] principles. We say that the existence of terrestrial 
things and their persistence are the object of providence [lit. are preserved] 
with respect to their species. This is indeed so by necessity and cannot 


7 Aristotle’s famous statement that a living being’s connate pneuma, or its soul-heat, is 
"analogous" to “the element which belongs to the stars” (De gen. an. 2.3, 736b30 ff.) should 
also be recalled in this context. It echoes the earlier views concerning the vivifying effects 
of the celestial realm upon the lower world. 

8 Gersonides, Milhamot ha-Shem (= The Wars of the Lord) 5.1.43; text and translation 
in Mancha and Freudenthal (2005) 159. 
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be due to chance, as many of the Ancients had have claimed. It becomes 
evident if one considers how the motions of the heavenly bodies suit the 
existence and the preservation of each and every thing coming to be in 
this [lower] world. This can be observed first and foremost with respect to 
the Sun and also with respect to the Moon. Concerning the Sun it has been 
established that ifits body were greater than it is, or ifit were closer [to us], 
then it would have destroyed the species of plants and animals through an 
excess of heat. Again, if it were smaller than it is or farther away, then [the 
plants and animals] would have perished through cold. This is attested by 
the fact that the Sun produces heat through its motion and the reflection 
of its rays, and the fact that there are places which are uninhabited because 
of excessive heat or excessive cold. 


[75] Similarly, providence is clearly manifest also in the Suns inclined 
sphere [i.e., the ecliptic]. For if the Sun did not have an inclined sphere, 
then there would be no summer, no winter, no spring, no autumn. Yet it is 
evident that these seasons are necessary for the existence of the species of 
plants and animals. Providence is also very clearly observable in the [Suns] 
daily motion, for without it there would have been be no night or day; but 
rather there would have been be a half-a-year day and a half-a-year night, 
and the existents existing things would have perished perish either by day 
due to an excess of heat or at night for due to an excess of cold. 


[76] Similarly, the effect [produced by] the Moon is evident in the produc- 
tion of rain and the ripening of fruits. And it is clear that if the Moon were 
larger than it is or smaller or farther away or closer, or if it did not borrow 
its light from the Sun, it would not produce that effect. Again, ifit [did not 
have] an inclined sphere, it would not accomplish different operations at 
different moments in time ... 


[77] Clearly, what we have said with respect to the Sun and the Moon holds 
[lit. is to be affirmed] also of the other planets [lit. stars], their spheres, 
and their motions, which are in harmony [mu tadilah] and at well-defined 
distances from the Sun. This is why Aristotle said that the motions of 
the planets are like those of the Sun, and he said so because it can be 
seen that the planets seek to conform to the Sun. Now although owing 
to insufficient empirical evidence we are unable to assign many effects 
to [specific] motions [of the planets], to their centers’ being eccentric, 
or to their forward or backward [retrograde] motions, still we can affirm 
confidently that all this is for the sake of [exerting] providence over what is 
down here. However, it is difficult for us to acquire this [knowledge], for it 
requires long experience [tajribah], for which man’s life is not sufficiently 
[long].? 


? Averroes, Epitome of the Metaphysics, in Quirós Rodríguez and Puig Montada 
[1919] (1998) 166-168 (§$ 74-77); German translations in Van der Bergh (1924) 141- 
143 and Horten (1912) 201-203. 
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Averroes comments on Aristotles account in De gen. et corr. 2.10- 
11 (generation and corruption result from the Suns motion along the 
ecliptic) are also telling. In his Epitome of this text he writes: 


The movement of the Sun in the inclined circle is the foremost [efficient] 
cause of the generation of what comes to be and of the corruption of what 
passes away. For when the Sun approaches, it is the cause of the existence 
of most of the things that come to be; and when it retreats, it is the cause 
of corruption of most existing things. Furthermore, the efficient cause 
of the four seasons, namely, spring, summer, autumn and winter, is this 
motion. The efficient cause of the continuity of generation and corruption, 
according to Aristotle, is the first continuous motion, while the efficient 
cause of generation and corruption is the motion of the Sun in the inclined 
circle. This latter movement is not limited to the Sun alone, but is also 
that of the Moon and of all of the planets, although the effect of that of 
the Sun is more apparent. For the affect of the Sun (in its course along 
its inclined circle) on the alteration of the four seasons is precisely that of 
each planet [lit. star] in its course along its specific circle. In fact, although 
we know not the specific affects produced by each and every planet on 
existing things down here, still, through a generalization, it becomes clear 
that all of them are involved in generation and corruption. So much so that 
if we were to imagine the disappearance of a single movement or planet 
among them, then either no coming-to-be whatsoever or that of some 
beings would not take place. It is indeed clear that some existing things 
are specifically affected by a specific planet. This is why we find that those 
who have observed the stars in the past have divided existing things in 
accordance with them, and posited that existing thing A is of the nature of 
a star X and existing thing B of the nature of a star Y. Generally speaking, 
it is clear that these planets appear to be affected by the motion of the Sun, 
for the differences in their effects are mostly dependent on their proximity 
or distance from the Sun. 


Comparing these passages by Averroes (many similar ones can be ad- 
duced) with the original Aristotelian outlook, one is doubly startled. 

In the first place, in Aristotle's system, the Suns effect on the sublunary 
world was in fact an embarrassing anomaly, not really compatible with 
the five-element scheme. Seeing that Aristotle's followers systematized 
the Masters thought, one might have expected them to downplay it the 
best they could. Instead, it has now been “generalized” into a paradig- 
matic phenomenon: not only the Sun but the other planets too act on 
sublunary things: “what Aristotle has affirmed with respect to the sphere 
of the Sun should be understood as applying to the other oblique spheres 


10 Puig Montada (1992) 49.5-50.11, Kurland (1958a) 121.67-122:78 and (1958b) 133. 
Cf. Freudenthal (2000) 343. 


244 GAD FREUDENTHAL 


too, Averroes writes in his Middle Commentary on De gen. et corr. 2.10." 
Moreover, although all the planets supposedly consist of the very same 
impassive matter, they are each said to act in a specific way; and Averroes 
goes as far as to allude to the specific “nature of a star X? 

Second, in Averroes’ outlook, divine providence over the (species of) 
existing things in the sublunary world as exerted through the heavenly 
bodies plays a major role. Averroes insists that the heavenly influences are 
not accidental: “it is clear that the operations [on the sublunary world] of 
the planets, and specifically of the Sun, are due to their very essence [fil 
dhati]. "* This means that the effects of the heavenly bodies are part and 
parcel of a providential scheme. The idea that the good in this lower world 
depends on the heavenly bodies is not altogether absent from Aristotles 
thought, but it is only very discreetly alluded to through the notion of 
owmtneta, as Marwan Rashed (2002) has perceptively pointed out. Nor 
does Aristotle claim explicitly that the Suns motion along the ecliptic, 
the ultimate cause of generation and corruption, is a part of a providential 
scheme. 

For Averroes, then, the sublunary world is not a closed system: it could 
not have existed without the sustenance of the superlunary one. Now 
Averroes was not the only medieval Aristotelian philosopher to accom- 
modate ideas running against the postulate of the strict partition of the 
cosmos. On the contrary, his position was an essential component of 
all medieval philosophy of nature: “There is a consensus of all philoso- 
phers to the effect that the governance [tadbir] of this lower world is per- 
fected by means of the forces emanating to it from the [heavenly] sphere,” 
observed Moses Maimonides, Averroes’ exact contemporary and one- 
time countryman.'* Moreover, the medieval version of Aristotelianism 
posits that, in Maimonides’ formulation, the planets “act at some partic- 
ular distances—I refer to their nearness to or remoteness from the cen- 


11 Alaoui (1995) 125. 8-9, Kurland (1958a) 90.47-48 and (1958b) 102. 
2 Alaoui (1995) 30.6, Puig Montada (1992) 54.4, Kurland (1958a) 123.4 and (1958b) 
135. The same position is taken in Tahafut al tahafut; see Van den Bergh (1954) 299-300. 
P g 
13 Guide 2.5, Qafah (1978) 283; Pines (1963) 260. Elsewhere Maimonides writes in 
greater detail: 


Itis known and generally recognized in all the books of the philosophers speaking 
of governance that the governance of this lower world—I mean the world of gener- 
ation and corruption—is said to be brought about through the forces overflowing 
from the spheres ... [Y]ou will find likewise that the Sages say: "There is nota single 
herb below that has not a mazzal in the firmament that beats upon it and tells it to 
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ter, or to their relation to one another: '* This assumption is consequen- 
tial: through it, as Maimonides (a staunch opponent of astrology) com- 
ments, “astrology comes in? This statement carries a twofold message: 


(a) Distinctively astrological motifs (e.g., that the planets “act at some 
particular distances” and according to “their relation to one another”) 
are present in contemporary Aristotelian natural philosophy. 

(b) Consequently, the demarcation line between the latter and astrology 
is somewhat blurred: Maimonides, who was a particularly good con- 
noisseur of astrological literature, must have had in mind the fact 
that, as a result of this rapprochement between Aristotelian natural 
philosophy and astrology, upholders of the latter could make a good 
case for the claim that their art had a rationale in Aristotelian natural 
philosophy. 


Maimonides himself, as also other thinkers in the tradition of the falsafah 
like Ibn Sina (Avicenna) and al-Farabi, indeed had a hard time when 
they tried to refute astrology while yet recognizing that the existence of 
celestial influences on the sublunary world seemed indubitable." 

It would be a very worthy enterprise to describe in detail the evolution 
from the original Aristotelian viewpoint to that described by Averroes 
and Maimonides and which threatened to allow astrology to “come in” 
This cannot be done here, so I will limit myself to one, albeit in my view 
crucial, phase of this development, the work of Alexander of Aphrodisias. 
I will endeavor to point out how and why Alexander modified the original 
Aristotelian framework, making the boundaries between the celestial and 
the sublunary realms permeable. 


grow ... Now they also call a star mazzal. ... By means of this dictum they have 
made clear that even individuals subject to generation have forces of the stars that 
are especially assigned to them. And though all the forces of the sphere pervade all 
existents, yet there also exists a force specially assigned to a certain species.” 
(Guide 2.10, Qafah (1978) 292-293; Pines (1963) 270) 


Maimonides’ quotation comes from Genesis Rabbah 10.6. He says the same in his “Letter 
on Astrology”; see Freudenthal (1993) for references. 

14 Maimonides, Guide 2.12; Qafah (1978) 304; Pines (1963) 280. 

15 See Langermann (1991), Freudenthal (1993), Stern (1997). 

16 See n. 14 above. This comment was reiterated some four or five decades later by 
Judah ben Salomon ha-Cohen, an enthusiastic supporter of astrology, in his encyclopedic 
work Midrash ha-hokhmah; see Freudenthal (2000) 358. 

17 Druart (1978, 1979, 1981), Michot (2006) 47*-54*, Freudenthal (1993); see also 
p. 274 below. 
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2. Alexander of Aphrodisias: Providence and celestial influences 


Writing in the closing years of the second century CE, Alexander of 
Aphrodisias faced a world in which astrology and various star cults 
had become central cultural forces. “Chaldean” astrology had been a 
mere craft, a purportedly empirical know-how; but within Greek culture 
(which it began to penetrate in or just after the third century BCE), it was 
theorized in a series of works culminating in Ptolemy's Tetrabiblos, which 
is contemporaneous with Alexander.'* As a discipline whose claims had 
manifold philosophical implications, astrology elicited reactions from 
philosophers of all contemporary schools, some of whom rejected it 
while others approved of it.'* In Alexanders time, astrology had thus 
become a presence which a philosopher could not ignore. Astrology was 
associated with a large number of “popular” doctrines that posited a 
nexus of causalities linking the heaven to the sublunary world, making 
material processes in the latter depend on the former, such as, notably, 
astrological botany and medicine and occasionally alchemy as well.?? 
Under the Empire, the sway of astrology was next to universal?! all the 
more so as it coalesced with religious beliefs that were in harmony with it. 
Franz Cumont, whose book of 1912 is still the most authoritative work on 
the subject, writes that the oriental religious cults which penetrated the 
Empire were all "influenced in different degrees by astrology and star- 
worship, and that we are 


struck with the power of this sidereal theology, founded on ancient beliefs 
of Chaldean astrologers, transformed in the Hellenistic age under the 
twofold influence of astronomic discoveries and Stoic thought, and pro- 
moted, after becoming a pantheistic Sun-worship, to the rank of official 
religion of the Roman Empire [in 274 CE]. Preached on the one hand by 
men of letters and by men of science in centres of culture, diffused on the 
other hand among the bulk of the people by the servitors of Semitic, Per- 
sian or Egyptian gods, it is finally partronised by the emperors, who find in 


18 The classic work is still Bouché-Leclerc (1899). For a history of astrology, see Gundel 
and Gundel (1966) esp. 202 ff. (from the middle of the second century CE onward). See 
also the insightful Long (1982) and the overviews in Boll, Bezold, and Gundel [1917] 
(1931); Tester (1987); Barton (1994). 

1? For a systematic review of philosophers attitudes to astrology in the first centuries 
CE see Lawrence (2006). Despite its shortcomings, this is a very helpful account and I am 
not aware of a comparable systematic overview in print. 

20 Festugiére [1950] (1986) esp. 89 ff. 

21 Cumont (1909) chap. 7, notably 240-269. 
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it at once a form of worship suitable for all their subjects and a justification 
of their autocratic pretensions. 
(1912, 90; cf. 99, 133 and Gressmann 1925) 


These developments coalesced into a cultural ambiance which made 
commonplace the doctrine that all the heavenly bodies play an essential 
role in the workings of nature and especially in the governance of the 
lower world by the supernal one.? Within philosophy, the question 
whether human destiny depends on the planets was directly linked to 
the question of providence. From a quite marginal topic in Aristotelian 
philosophy,? it became a central one as a consequence mainly of the 
challenge posed by Stoicism, specifically, by the idea that God, identified 
with the pervasive material nvedua, governs the universe down to the 
most minute details.** 

We do not know with which of these developments Alexander was 
familiar. In particular, the question of whether he was acquainted with 
Ptolemy's Tetrabiblos or more generally with the specific postulates of 
astrology has received some attention but remains undecided, although 
the odds are that he was not.” It nonetheless stands to reason that 
Alexander was aware that around him the idea that the heavenly bod- 
ies govern the sublunary world was almost universally accepted as indu- 
bitable. Now, generally speaking, Alexanders philosophical project can 
be characterized as an attempt to safeguard the Aristotelian doctrine in 
the face of critique by competing systems of thought.? His exegesis of 
Aristotles texts creatively elicits from them solutions more aristotelico 
to scientific and philosophical problems that had hardly crossed the 


22 For an admirable synthesis, see Boll (1922-1923). 

23 For the history, see Moraux (1970); Thillet (2003) Introduction, 17-45. In Alexan- 
der’s time, Aristotle was understood to have held that the objects of divine providence 
were the (eternal) heavenly bodies, not the ephemeral ones of the sublunary world; see 
Moraux (1970) 54ff.; Sharples (1982) 198-199 and (19832) introduction, 25. 

24 Alexander defended his Aristotelian view of providence also against Platonist 
attacks; see Sharples (1987) 1216 and (1990) 91. 

?5 Fazzo (1988) has suggested that Alexander knew Ptolemy’s Tetrabiblos and accepted 
some of its postulates. But in his De fato, Alexander tellingly avoids any allusion to 
astrology; see Sharples (1983), introduction, 18-19, 128 and (2001) 522-523, 527, 529. 
Like his contemporary Galen (Toomer 1985), e.g., Alexander could have upheld the 
general view concerning the effects of the heavenly bodies on the lower world and yet 
oppose astrology. 

26 For a superb overview of Alexander, see Sharples, (1987); it is presupposed through- 
out what follows, even in the absence of specific references. For a comprehensive listing 
of Alexander’s writings, see also Goulet and Aouad (1989) and Fazzo (2003). 
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Stagirites mind, but that were on contemporary agenda.” This holds also 
for the issues with which we are concerned here. We will now see how 
Alexander responded to the theoretical challenge concerning the celestial 
influences on the sublunary world. 

We broach the issue by considering Alexanders theory of providence, 
albeit only on the level of physics. The problem with which we are 
concerned grew out of an entrenched idea of Greek natural philosophy 
that goes back to Anaximander: any compounded substance, owing to 
the very fact that it consists of opposites, has a built-in or intrinsic 
tendency to decay (see Freudenthal 1986). In Aristotles words: “never 
are [substances] eternal when they contain contrary qualities” (De long. 
et brev. vit. 3, 465b29 f.: see Freudenthal (1995) 11-17). Aristotelians were 
thus confronted with the following double theoretical challenge. 

First, according to Aristotelian doctrine, the universe is eternal 
because none of the four elements exceeds the others in quantity and, 
therefore, in power; and because it is encompassed by the impassive and 
changeless fifth substance (Freudenthal 1995, 14-15, 101-105). But this 
argument did not appear convincing to everyone. The pseudo-Aristote- 
lian treatise De mundo, for one, with which Alexander was apparently 
familiar? posits the Aristotelian aether but still asks, “How it is that 
the universe, if it be composed of contrary principles—namely, dry and 
moist, hot and cold—has not long ago perished and been destroyed" (De 
mundo 5, 396a32; trans. Forster 1950)??? The Stoic doctrine of éumbew- 
otc too (although on very different grounds) affirmed the natural per- 
ishability of the universe (or rather its temporary transformation to its 
supreme, god-like, fiery state). Similar positions were expressed in cer- 
tain interpretations of the Timaeus, to which Alexander responded by 
rejecting attempts to “save” the world by invoking a divine will.” The 
problem of the physical persistence of the universe as a whole was thus 
high on the contemporary agenda, and Alexander was intent on showing 
that the universe was eternal by its own nature. 

Next, with respect to the material persistence of individual sublunary 
substances, the Stoics affirmed that the ubiquitous nvedua exerts provi- 


27 Thillet (1984) Ixxix-Ixxx. 

28 Moraux (1967) 160 n. 2; Sharples (1983) 24 In Alexander's time this work circulated 
widely, see Festugiére [1949] (1983) 478. 

?? Tt answers this question in terms of a power "extending through all” and “forcing the 
most contrary natures in it to live in agreement with one another" (De mundo 5, 396b31). 

30 See Quaest. 1.18 and 2.19 (being “eternal by its own nature,’ the world as a whole 
needs no being to exercise providence on it); cf. Sharples (1983c) 62-63. 
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dence throughout matter and, specifically, that it maintains the cohesion 
over time of all substances by virtue of its different states of tovoc (ten- 
sion). Stoic physics thus very easily accounted for the fact that matter 
is informed and that the material substances persist despite the disinte- 
grating potentialities of the opposing elements or qualities within each of 
them. De mundo 6, 397b32-398a6, for its part, argues similarly that the 
power originating in the heavens penetrates even the most distant things, 
thereby vouchsafing their persistence. The Peripatetic school was slower 
to come forward with an answer. Aristotle had been aware that the per- 
sistence of sublunary material substances composed of the four opposing 
sublunary elements calls for an explanation. The problem looms both in 
his De philosophia and in his esoteric writings. Elsewhere I have tried 
to show that he worked his way toward a solution in terms of vital heat 
and connate rvedua but without bringing it to completion, thus leaving 
the problem essentially unresolved.?! In Alexander’s time, this problem 
became more pressing because it was at the very heart of Stoic physics, 
which Alexander took seriously enough to devote to its criticism an entire 
work (De mixtione). 

Alexander rose to this twofold challenge by elaborating a theoretical 
account of how the sublunary world is governed by the Unmoved Mover. 
It is germane to our inquiry inasmuch as it accords the heavenly bodies 
a central role in exerting providence over the sublunary world, and thus 
constitutes a decisive first step in the development of what I will call “the 
astrologization of the Aristotelian world-view” (p. 262 below), a devel- 
opment that allowed astrology to “come in.” In this context, Alexander 
introduced the notion of a “divine power” originating in the heavenly 
bodies which he held to bring about and preserve form and order in 
the sublunary realm. Steering middle course between a position deny- 
ing all providence in the sublunary realm and the Stoic deterministic 
view, Alexander construed divine providence as the preservation of the 
species (only), and affirmed that it was guaranteed through the con- 
tinuous coming-to-be and passing-away brought about by the orderly 
motions of the heavenly bodies. Alexander’s ideas on this subject strad- 
dle many disciplines, including metaphysics, psychology, physics, theory 
of matter, and cosmology; and my account will necessarily be schematic 
and tailored to the purpose at hand. 


31 Freudenthal (1995). The problem is also identified by Furth (1978, 1988), whose 
approach is quite different from mine. 
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We begin with Alexanders theory of the active intellect. On Alexan- 
ders account, the primary function of the active intellect (an enigmatic 
notion going back to Aristotles De anima 3.5, 430a10-15) is noetic, 
viz. to activate forms in mans material intellect.** It is introduced on 
the general, metaphysical, principle that forms can be activated only by 
something possessing them most fully, viz. pure form. Alexander thus 
famously compares the active intellect to light, which, being superem- 
inently visible, makes material objects visible (Schroeder 1981). But 
Alexander also ascribes to the originally noetic or psychological notion 
of the active intellect a further, cosmological, function: inasmuch as 
the active intellect is pure form separated from matter and impassive, 
Alexander identifies it with Aristotles Unmoved Mover of Metaphysica 
12,” which he construes as the ultimate cause of all things.?* The gist 
of this theory is that the cause of the intelligibility of forms (and only 
forms are apprehended by the intellect) cannot but be the same Being 
that is the cause of their existence in the first place (see Moraux 1942, 
92). Therefore, as Davidson (1972, 1992) has pointed out, in Alexanders 
system, the active intellect holds two prima facie distinct and unrelated 
roles, one physical and the other psychological: it is at once the source of 
forms in material sublunary reality?? and the source of the forms in the 
human intellect. Henceforth, the forms in the world and in the human 
mind were taken to derive from one and the same origin.?é 

To understand why Alexander assigned to the Unmoved Mover func- 
tions that Aristotle had not dreamt of attributing to it, we turn to his 
cosmology. We begin with some metaphysical considerations expounded 
by Alexander notably in his treatise preserved in Arabic under the title 
Mabadi' al kull (The Principles of the Cosmos), the authenticity of which 


32 Sharples (1987) 1206. It has been pointed out (e.g., in Sharples 1987, 1207) that on 
this account the role of abstraction is problematic, but this needs not concern us here. 

33 Moraux (1942) 93, Sharples (1987) 1206. Alexander may follow an earlier tradition; 
see Moraux (1942) 162-164 and (2001) 350-351, Sharples (1987) 1212. 

34 See Davidson (1972) 112, 125-126, 151 and (1992) 13-14, 30-31. 

35 Moraux (1942) 93, Sharples (1987) 1206. 

?6 Throughout the Middle Ages beginning especially with Avicenna, the active intel- 
lect was construed both as the cause of the existence of informed material substances (the 
dator formarum), and as that which actualizes forms in the human material (potential) 
intellect, allowing man to cognize forms. The active intellect was thus a central theoretical 
notion of both cosmology and psychology. This view, as we just saw, goes back to Alexan- 
der. In the later medieval tradition, the active intellect was held to operate through ema- 
nation rather than through the divine power; and it was identified with the last emanated 
intelligence rather than with the Unmoved Mover. But these differences are of secondary 
importance here. 
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now seems well established.” The “divine body"—which means the 
sphere of the fixed stars, as well as, derivatively, the spheres of the plan- 
ets??—is necessarily ensouled because “the best” cannot be soulless (Ma- 
badi’ $$ 7-8). Every heavenly sphere has its own soul, which is its nature 
and the cause of its eternal circular motion ($$ 16-19, 76-78, 96). This 
motion is brought about by an “impulse” or a “desire” (ishtiqaq) toward 
the Unmoved Mover ($$ 25, 29, 97, 100) that arises in the souls intel- 
lect upon perceiving the Unmoved Mover ($79). The Unmoved Mover 
is, thus, the cause of the daily circular motion of the sphere of the fixed 
stars, which in turn imparts to the spheres of the planets their diurnal 
westward motion ($ 55). By contrast, the planets' "opposite" motions, viz. 
their eastward "normal motions;' are due to their intellects and belong to 
them essentially (fi dhatihi) (Mabddi’ $ 79; Bruns 1882, 1.25, 40.24-31). 
(Ihe two kinds of motions, as we will see, are part of the providential 
scheme of the world.) The heavenly bodies and their circular motions 
being “prior” with respect to all other existing things and motions ($ 50; 
on the notion of "prior" here, see $ 62), all motions in the sublunary world 
must go back to the heavenly ones ($ 50; see also $94). Within the sub- 
lunary realm, the term “motion” now obviously refers not to displace- 
ment or locomotion alone, but encompasses also all kinds of qualitative 
change, including generation and corruption:? "the divine body and its 
circular motion are the first cause of the coming-to-be of existing things 
and of their natural motions" ($ 51). Specifically, owing to the diversity 
(taghayyur) and variety (ikhtilaf) of the sidereal eastward motions, the 
planets’ “relationships” ( idafa) to the sublunary material bodies—i.e., 
their distances, angles, and so forth— constantly change, and, as a con- 
sequence, the planets produce in these bodies multiple changes, viz. the 
multifarious forms of their generation and corruption (Mabadi' $$ 56, 
127; Bruns 1882, 1.25, 41.12-19).*! The heavenly bodies are cognizant of 
the generation and corruption they bring about in the sublunary world 


37 Tt was convincingly argued by Genequand (2001, 1-4) in his introduction to Alexan- 
der, Mabadi; see also (2001) 34 for Genequand's remarks on the Syriac version of the text. 
By juxtaposing statements taken from the Mabadi with convergent ones from works pre- 
served in Greek, the present paper too lends indirect support to the thesis of authenticity. 

38 See Sharples (19832) 156 (note to De fato 25). See also Simplicius In de caelo 
(Heiberg 1894) 1.2-11, 116.12-15, 116.30-117.2, 117.15-19. 

?? The topic is discussed in detail in Quaest. 1.1 and 1.25. 

40 On the different kinds of motion, see Phys. 3.1, 201a10-14 and 5.2, 226a23-35. 

^! See Todd (1976) 225.30-34 on the planets’ changing positions as causes of heating 
and cooling, causing and, thus, of the elements changes into one another. See also 
Genequand (2001) 167 on Mabadi' $ 141. 
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($$ 85, 120), presumably by virtue of their souls. Alexander’s view, we 
note, is a generalization, indeed, a radicalization of Aristotles account in 
De gen. et corr. 2.10: not only the Sun, but all the planets affect the sublu- 
nary world; and not only the Sun’s annual motion on the ecliptic produces 
change down here, but the proper motions of all planets and the resulting 
changes of their positions with respect to the Earth share in determining 
generation and corruption. 

This scheme vouchsafes providence (Mabadi' $ 91): inasmuch as gen- 
eration and corruption ultimately go back to the eternal unchanging 
Unmoved Mover which cognizes itself and in which the intellect, the 
intelligible, and the cognizing subject are one and the same ($$ 101, 110, 
121, 123),? not only the obviously regular circular motions of the planets 
but also the changes of their mutual relationships follow an eternal order 
so that the process of generation and corruption in the sublunary world 
too “participates in [this] order and the eternity" ($56). Consequently, 
"it is not at all to be feared [as did, e.g., the author of the De mundo] 
that the world might perish” ($$ 57, 139-140). Indeed the cosmos for- 
ever “remains new and does not grow old”:** superficial appearances to 
the contrary notwithstanding, inasmuch as generation and corruption 
are produced by the orderly motions ofthe planets, they too are orderly— 
they consist of transformations of contraries to one another rather than 
in corruption ($$ 138, 141). Alexander identifies sublunary nature with 
the effects of the motions of the heavenly bodies? and, therefore, takes it 
to be eternal and invariable. Alexander thus maintains that the Unmoved 
Mover produces "nature" through the intermediary of the heavenly bod- 
ies. This nature “is a divine power" ($132), which “penetrates all parts 


2 See also Mabàdi' $ 3 and Genequand (2001) 145, Sharples (19832) 26. 

43 See Genequand (2001) 161 on Mabddi $101. 

^ Fragment VE 35 in Genequand (2001) 142. 21 (text), 143 (translation); see Mabadi 
$143. See also De fato 25 (Bruns 1882, 195.24f.), where Alexander makes the point that 
the biological model in which the cause of an animal is an older animal is not transferable 
to the cosmos, since generation and corruption are co-eternal with the Unmoved Mover. 
The Stoics are clearly the target of this argument. 

45 Sharples (19832) introduction, 26 and (1987) 1217. 

46 The Arabic translation uses both the term quwwa ilahiyya ($131) and quwwa 
ruhàániyya ($$ 128-129). The latter literally means "spiritual power; but I agree with 
Genequand that "spiritual" here is simply a synonym for “immaterial” or “divine” and 
that there is no reason to see here a Stoic "influence" as suggested by the late Shlomo 
Pines (1986b). See Genequand (2001) introduction, 18-19 (with n. 32), and 164f. on 
Mabadi $ 128. See also Sharples (1988) 1188. 
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of the world and holds its parts together” ($$ 128; cf. $$129, 132) and 
which is thus “the cause of the unity and order of the world” ($128). 
This theory is a clear retort to Stoic physics: Alexander’s “divine power” 
is the precise functional equivalent of the (also divine) pneuma in Stoic 
physics—in their respective schemes both produce “the unification of the 
whole" (Todd 1976, 223.6-14). The universe is, therefore, comparable to 
a well organized city, all of whose parts seek to be “connected” to the 
Unmoved Mover ($$ 129-130): “The continuity of things that come to be 
has a cause [viz. the Unmoved Mover], and it is on account of this that the 
universe is one and eternal, always organized in one and the same way? 
This reassuring theory of providence, grounded in Alexander’s notion of 
the divine Unmoved Mover as the cause of existence and persistence of 
sublunary things and of the entire cosmos, is the Aristotelian answer to 
alarming views such as those expressed in the De mundo (and by Sto- 
icism). A central component of this cosmology is the idea that genera- 
tion and corruption are caused by all the planets, a generalization of the 
Aristotelian view attributing sublunary generation and corruption to the 
motion of the Sun. 

The orderliness in which a substance partakes is commensurate with 
its degree of perfection (Mabadi? $$ 134-135). Alexander does not spell 
out this idea here, but his view (to which we will come back) is that 
the heavenly spheres are the most perfect existing things and participate 
in the order established by the Unmoved Mover to the greatest extent; 
whereas the less perfect sublunary material substances do so (in various 
degrees) to a lesser extent (§§ 135-137). Note that in Alexander's view 
because providence is exerted through the eternal circular motions, it 
can extend only to entities that are eternal too, i.e., to species, and 
not to individuals.“ Indeed, Alexander holds that a given configuration 
of the celestial bodies never occurs twice and that, consequently, two 
individuals will never exist twice.“ Moreover, since the universe is eternal 
and so also is the providence as exerted by the heavenly bodies, it is not 
possible that the order of the world change: if, say, a planet ceased to exist, 


^ De fato 25 (Bruns 1882, 195.23-25) and commentary ad loc. in Sharples (1983a) 
156, with the reference to the similar statement in Todd (1976) 223.9f. 

48 See, e.g., Mabadi’ $$ 57, 80; Sharples (1982) 198, (1983a) introduction and 26, 
(1983b) 64 and (1994a). 

2 See the testimonium preserved in Averroes Epitome of De gen. et corr. (Puig 1992, 
60.3-61.10; Kurland 1958a, 126.52-62 and 1958b, 137-138) and the analysis in Rashed 
(2000) 234ff. See also Freudenthal (2000) 356-361. 
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the entire universe would collapse ($81), a statement that Alexander 
elaborates in greater detail in his De providentia, as we will now see. 

In the De providentia, another ofhis treatises preserved in Arabic only, 
Alexander is not far from affirming that the general arrangement of our 
world—i.e., its natural order—is the best possible one.?? The existing 
celestial arrangement is so minutely ordered, he says, that the slightest 
alteration therein would bring the sublunary world to naught: 


If the distance of the Sun to the Earth were different from what it is, or 
if its motion and displacement were not along the inclined ecliptic, or if 
it moved along the ecliptic but without following the rotation of the fixed 
stars, moving in its own [annual] motion alone, then we would be deprived 
of all things other [than the Sun] that exist for our sake in our abode and, 
furthermore, the generation of animals and plants would not be possible 
... Indeed, if the Suns distance to us were smaller than it is now, and not 
the one it actually is, then, owing to the proximity of the motion, the region 
around the Earth [i.e., its surface] would be heated beyond the temperate, 
and beyond what is proper for that region. And if, inversely, its distance 
were greater than it is, its heating would be less [than appropriate]. In both 
cases, there would be no generation of animal or plant species. Those who 
hold this opinion have sufficient evidence from the existence of regions on 
the Earth which are called “uninhabitable,” [and which are so] on account 
of the overcoming of one or the other of these qualities [heat or cold].^! 
(Thillet 2003, 11.4-18; Fazzo and Zonta 1999, 126) 


Alexander devotes a page or two to elaborate this thesis apropos of the 
Sun, and then extends it to the Moon: 


Were [the Moon] closer [to us] than it is now, then it would prevent the 
constitution and the existence of the clouds, and the constitution and 
existence of waters [i.e., seas], because it would disperse and subtilize the 
rising exhalations ... Further, if its motion were not in an inclined plane 
but along an orbit parallel [to the equator], then it would afford neither the 
moderation of the cold nor the succor from the heat, which it provides at 
present in our abode ... Nor would it provide succor in coloring [variant 
reading: coming-to-be] and ripening of fruits, as it does now, being the 
foremost cause of these two processes ...52 

(Thillet 2003, 13.4—20; Fazzo and Zonta 1999, 132) 


°° Alexander’s scheme implies that on the level of its cosmological order the world 
is the best possible one but not with respect to individuals, providence being limited to 
species. The crucial turning point in this respect is Avicenna, as has been persuasively 
shown notably in Rashed (2000) 236. 

51 This argument is echoed in Galen, De usu part. 3.10 (in fine). 

?^ A similar argument in De mundo, 6, 399a20-30. 
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I quoted these passages at some length to highlight that Averroes’ 
argument on the providential arrangement of the world presented above 
(p. 242) follows Alexander’s line, whose text the Commentator para- 
phrases in part.°? 

Alexander concludes from these considerations that “the divine [= 
heavenly] bodies,” through their “motions and the durability of the order 
they exhibit are the “causes of the coming-to-be of things on Earth 
and the cause of their persistence" (Thillet 2003, 13.23-24; Fazzo and 
Zonta 1999, 134); the crucial importance of the heavenly bodies’ two 
motions (daily and proper) is particularly emphasized in this context 
(see also Quaest. 1.25 [Bruns 1882, 40.34-41.4, 41.12-18]). "Ihe good 
ordering of the things down here corresponds to the good ordering of 
the movements of the divine bodies” (Thillet 2003, 15.16-17; Fazzo and 
Zonta 1999, 138; similarly De fato 35 (Bruns 1882, 195.24-25); Quaest. 
2.19), and both are due to God's Goodness (cf. Mabddi $$ 11, 12, 25: see 
also Thillet 2003, 19.23; Fazzo and Zonta 1999, 150). On the strength 
of the assumption (of which more below) that the heavenly bodies act 
through a divine power issuing from them, Alexander holds that their 
effects on the sublunary world depend on the orderliness oftheir motions 
and on the harmonious proportionality of their distances to the affected 
material substances (Thillet 2003, 11.1—3; Fazzo and Zonta 1999, 126). 

Let us now get down to the level of the concrete, physical workings 
of nature. How is divine Goodness exerted on the individual material 
substances? The Stoics had a straightforward answer to this question in 
terms of avetua, but Alexander vehemently rejected their materialist 
immanentist theory of matter (De mixtione). His alternative account is 
presented notably in the De providentia. The notion of “divine power,’ 
already briefly encountered in his Mabddi, now moves to the center. 
Divine providence, Alexander states, is exerted through a "power" gush- 
ing forth (or issuing) from “the Sun, the Moon, and the other planets [lit. 
stars]" (Thillet 2003, 10.25-26; Fazzo and Zonta 1999, 124-126). This 
theory accounts both for the generation of forms in matter and the per- 
sistence of sublunary substances. The divine power (“which we also call 


53 That this is the case has been pointed out in Thillet (1979) vol. 4, introduction 65, 
75-77; text 18-24 (unfortunately not recalled in Thillet 2003). Al-Kindi had quoted the 
very same passages in his On the Proximate Efficient Cause of Generation and Corruption; 
see Wiesner (1993) 54-56. Averroes also inserted a passage quoted verbatim from 
Alexanders De providentia into his Epitome of the Metaphysics; see Fazzo and Zonta 
(1999) 168. Rashed (2000) analyzes the reasons why Averroes follows Alexander, against 
Avicenna, on this issue. 
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‘nature’”), Alexander says, “endows with existence and forms the sub- 
stances in which it inheres, according to a certain proportion and a cer- 
tain order” (Thillet 2003, 19.6-7; Fazzo and Zonta 1999, 150). As might 
be expected, the “certain proportion” and “certain order” depend on the 
motions of the planets: “the divine [= heavenly] bodies,” Alexander spec- 
ifies, 


through the intermediary of nature [= the divine power], exercise their 
providence on the coming-to-be of the things exisiting down here. But not 
only this: once the latter have come to be, [the heavenly bodies exercise 
their providence] also on their [continued] existence and their intactness. 

(Thillet 2003, 22.12-13; Fazzo and Zonta 1999, 160) 


The coming-to-be of informed sublunary substances and their subse- 
quent persistence are thus due to the divine power outpouring from the 
heavenly bodies. 

This strong claim on behalf of the divine power naturally makes us 
curious about its exact modus operandi. For an answer, we turn to Quaest. 
2.3.°4 Alexander's discussion in this intriguing short text, proceeds, as it 
seems to me, on three presuppositions: 


(a) The heavenly, divine body produces in the adjacent (sublunary) mat- 
ter a “power” (Thillet 2003, 47.28; Fazzo and Zonta 1999, 30), later 
referred to as “divine.” 

(b) This power is produced in the sublunary matter through the motion 
of the contiguous heavenly body (Thillet 2003, 47.28-30). 

(c) This (divine) power is “the cause of the fact that some bodies are ani- 
mate and other bodies inanimate, and that some animate [bodies] 
only possess a nutritive soul, other bodies a [soul] capable of sen- 
sation as well, and other bodies in addition to these possess also a 
rational [soul]” (Thillet 2003, 47.28, 48.12-22; Fazzo and Zonta 1999, 
30), endowing human beings with reason and intellect (Thillet 2003, 
48.20-22). 


Assuming, then, that providence exists and that it is brought to bear 
through the divine power generated by the motion of the heavenly bod- 
ies, Alexander' specific problem is to determine on what physical level 
the divine power affects matter. He considers two possibilities. 


54 Text and Italian translation in Fazzo and Zonta (1999) 195-219, English translation 
in Sharples (1992) 93-98; see also Duhem (1965) 344-348, Moraux (1967). 
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A first possible view is that the divine power acts on the four elements, 
which are supposed to exist in themselves and possess a single essen- 
tial quality, viz. heaviness or lightness (Quaest. 2.3 [Bruns 1882, 47.32, 
49.2]).^ What they do not possess (the discussion that follows makes 
this clear) are the four qualities: moistness, dryness, heat, or cold and, 
consequently, the capacity to combine into complex substances, specif- 
ically ensouled ones. Were the sublunary realm to consist only of the 
elements in their “primeval” state, i.e., if no divine power existed, then 
there would be no motion other than the rectilinear ones up and down 
toward the natural places; and there would be no forms, no life on Earth. 
In other words, the elements would then have no share in the divine and 
would therefore not possess—even potentially—form or soul (Quaest. 
2.3 [Bruns 1882, 48.24—25]). But we know that the elements and the com- 
pounds do partake in the divine (for forms and life exist) and this is due 
to the (providential) divine power. On account of the divine power “sown 
in them, the elements are “better and more perfect” than they would oth- 
erwise have been (Quaest. 2.3 [Bruns 1882, 48.29, 49.4]). The perfection 
with which the divine power endows an element depends on the latter’s 
proximity to the heavenly spheres (Quaest. 2.3 [Bruns 1882, 49.1, 2.6-9]) 
and it comes to the fore in its physical properties: fire, the purest, rarest, 
and also the most active element, is the most perfect one (Quaest. 2.3 
Bruns 1882, 49.6; 50.22]).°° The concomitance of proximity to the heav- 
enly sphere with purity and rarity follows from the assumption that the 
elemental qualities are produced through the sphere’s motion. Alexan- 
ders qualification of the divine power as "divine" is thus a natural corol- 
lary of its being produced through the motion of the heavenly (divine) 
sphere, a point Alexander explicitly affirms elsewhere. 

It is the share of divinity of which the elements partake that allows the 
generation of forms, specifically, of souls in compounds: the combinant 


55 The idea that heaviness and lightness are the only essential qualities of the elements 
is characteristic of Alexander; see the references in Sharples (1992) 94 n. 309. 

56 Contrary to what one might expect from this discussion, Alexander elsewhere says 
that the element fire is less hot than terrestrial fire down here; and he connects this with the 
fact that the former is rare whereas the latter inheres in dense matter (Quaest. 2.17 [Bruns 
1882, 61.29-62.14]; Sharples 1990, 98-99). Perhaps his construal is an extrapolation from 
the premise that “a flame is less hot than red-hot iron" (Quaest. 2.17 [Bruns 1882, 62.1]): 
the rarer fire is, the less hot it is. This construal disconnects the heavenly substance (and 
consequently the "divine power") from heat. 

57 In Mantissa 23 (Bruns 1887b, 172.17f.), Alexander says that the divine power 
qualifies as "divine" because it arises in matter as a result of its proximity to the heavenly 
divine sphere. But see also n. 67 below. 
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elements or rather the compounds which they make up acquire a “psy- 
chic [motion]” (Quaest. 2.3 [Bruns 1882, 49.3]), i.e., the potentiality to 
have motions other than those depending on heaviness or lightness, 
beginning with the capacity to grow. Possibly Alexander thought that 
compounds are informed not only through the divine power already 
inhering in the constituting elements, but also by an additional, direct 
input of the divine power.?? The perfection of the form that comes to be 
in a compound depends notably on the subtleness of the constituents. In 
a compound in which, say, the purer and more divine fire predominates, 
the soul brought forth will be more perfect than a soul brought forth 
in a body in which an earthy substance predominates—we will have an 
animal or even a human soul, rather than a vegetative one (Quaest. 2.3 
[Bruns 1882, 49.4-15]).? The scale of being thus depends on the share of 
the divine power inhering in the components, and this in turn depends 
on their subtleness.® The resulting compounds are “more perfect and 
[even] animate” and they “share in a more divine nature and principle 
[than the elementary constituents]” (Quaest. 2.3 [Bruns 1882, 49.18, 22]). 

According to this first view, then, the divine power acts on the four 
elements in proportion to their proximity to the sphere and, perhaps, 
on compounds too. It makes it possible for matter to be informed with 
the perfection—i.e., divinity—of the ensuing substances depending on 
the share in the divine of the composing elements. The divine power is 
produced in the elements through the motion of the heavenly bodies, 
providences reliable instruments. 

The second possible view situates the action of the divine power on a 
"lower" level of matter. It posits that what exists in itself, independently 
of the action of the divine power, is not the already constituted elements 


58 Moraux (1967, 164, 166) takes the divine power to affect the compounds, not the 
elements, a view shared by Sharples (1992) 96 n. 312. Although Alexander is not entirely 
clear, it seems to me that this interpretation does not do justice to the text (Quaest. 2.3 
[Bruns 1882, 48.12-18, 49.20-23]), nor to Alexander’s view that the divine power acts 
in proportion to the proximity to the heavenly body: a clod of matter becoming a man 
is not always higher up than one becoming an animal. In addition, as Sharples notes, it 
is also inconsistent with Alexander' position in his De anima (notably 7.8-13). See also 
n. 67 below. 

°° Following Aristotle and the medical tradition (see Tracy 1969), Alexander at times 
adds that the kind of soul emerging in a compound also depends on the good balance of 
its constituents, i.e., on the temperament of the living being, the best equilibrium giving 
rise to a rational soul (e.g., Thillet 2003, 18.19, 148, 20.19, 154; Quaest. 2.3, 50.18-26). 

60 Although Alexander does not say so, this is, of course, classic Aristotelian doctrine, 
fire, say, being ontologically “above” the other elements. See Gill (1989) 239. 
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but rather mere uninformed matter (0)4]). On this view, the role of the 
divine power is to endow tan with the four elementary forms: vAy “is 
given form and shaped by the power which comes to be [in] it from 
the divine bodies” (Quaest. 2.3 [Bruns 1882, 49.32]). Thus, fire comes 
to be: it is “given form” through the heat and dryness which the heavenly 
bodies, namely “the Sun, the Moon, and those other [wandering] stars,” 
produce in the adjacent spherical layer of the Ün (Quaest. 2.3 [Bruns 
1882, 49.30-50.3, 50.8]). The forms ensuing in the other layers of vA 
depend on their remoteness from the heavenly bodies as well as on 
the "different relation of the [heavenly bodies] to things [down] here at 
different times, which results from their movement on a circle of this sort 
[i.e., an inclined circle]" (Quaest. 2.3 [Bruns 1882, 50.3-8]), a postulate 
already encountered more than once. Through the movements of the 
heavenly bodies, four layers of tAn each receive two pairs of qualities 
and thus each becomes one of the four sublunary elements (Quaest. 2.3 
[Bruns 1882, 50.9-18, 23-24]). 

Compounds can then be formed by virtue of the potentialities which 
the elements have acquired through the divine power: very roughly, 
and advisedly using anachronistic vocabulary, it can be said that the 
divine power endows matter with the capacity for self-organization. The 
perfection of each compound depends, as before, on its constituents: the 
greater the "share in the divine power" of the latter, the "more perfect” 
will the substance be.! 

As is often the case, Alexander does not choose between the two 
accounts;? but this has no bearing for our purposes in the present con- 
text. Whether he held the divine power to affect matter on the level of 
the elements (and, perhaps, also on that of compounds) or on that of the 
vAn, the following corollary holds: according to Alexander, matter has 
the capacity to be informed (and, notably, be ensouled) and, once informed 
or ensouled, to persist in its form; and it has this capacity by virtue of the 
divine power infused in it, a power which endows it with a share in the 
divine.9 A suitable clod of matter is informed into, say, a living being 


61 Recall that the perfection of a compound also depends on the good balance of the 
components; see n. 59 above. 

62 See Moraux (1967) 169 with n. 1. 

43 The forms that matter receives by virtue ofthe divine power and which thus underlie 
providence, it must be emphasized, are those of the species, excluding the traits of 
individual substances (see n. 50 above), a view which distinguishes Alexander from the 
Stoics and perhaps also the astrologers (see Sharples 1994b). In Alexander' view, the 
differences between individuals are attributable to matter (Thillet 2003, 23.10—13, 15). 
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by the sires seed;** but this coming-to-be would not have been possible 
without the divine power inhering in that matter. On Alexander view, 
then, saying that a substance has come to be and persists "by nature" 
is tantamount to saying that it has in it “a divine thing" (shat 'ilahi) 
which is responsible for its form (Thillet 2003, 18.12; Fazzo and Zonta 
1999, 148).°° We saw that if the matter of a compound is subtle and bal- 
anced enough, then the form can be a soul, be it of a plant, or an ani- 
mal or even a man (also Thillet 2003, 18.20—21; Fazzo and Zonta 1999, 
148). This is the idea behind Alexander's statement that "it was through 
this [divine] power that providence made human being[s] rational crea- 
ture[s]" (Quaest. 2.3 [Bruns 1882, 48.15-22]). Indeed, inasmuch as man 
received the greatest possible share of the divine thing, he is, among all 
sublunaries, “most divine" (Thillet 2003, 19.4; Fazzo and Zonta 1999, 150; 
Mantissa 23 [Bruns 1887b, 172.17-22]). This theory of matter, together 
with Alexander' characteristic physical doctrine according to which “the 
forms of the more complex natural bodies are built up out of those ofthe 
simpler bodies that go to make them up" (Sharples 1987, 1202) seems 
to underlie Alexanders well-known thesis according to which soul is 
the product of the combination (uigts) of the elements in a living body 
(Bruns 1887a, 24.21-23; cf. Sharples 1987, 1202-1203), "a result of the 
organization" (Hamelin 1953, 32) of a compound which emerges from 
the combination without yet being identical with it. (Famously Alexan- 
der compares the soul with a drug possessing a “specific (or ‘occult ) qual- 
ity”: both are a power that cannot be reduced to the powers of the ingre- 
dients.)97 


See also Thillet (2003) 23.17, Fazzo and Zonta (1999) 162: "matter, owing to its innate 
specific fatigue, does not have the capacity to be entirely informed by the agent imprinting 
its form unto it? 

64 Sharples (19942). 

$5 *[Matter] strives toward that excellent nature, namely, the [divine] force issuing 
from the celestial body, by which it is informed, so that it partakes of eternity and 
duration; Alexander writes. This passage is not in the manuscripts of De providentia, 
but both Thillet and Zonta take it to belong to it: Thillet (2003) 133-134 (App. 1), Zonta 
in Fazzo and Zonta (1999) 164 n. 

$6 Recall that "nature" and "divine power" are synonymous. See p. 252f. above, and, 
e.g., Thillet 2003, 19.6; Fazzo and Zonta 1999, 150; Mantissa 12 (Bruns 1882, 172.19). See 
also Moraux (2001) 278 n. 69. 

87 See, e.g., Moraux (1942) 32-33, (1978) 296-299, and (2001) 356-359 (esp. n. 172); 
Thillet (1981). In his discussion of soul in De anima, Alexander does not mention 
the divine power, as noted by Moraux (1967) 169. Morauxs expectation that it be 
mentioned there derives from his view that the divine power informs matter on the level 
of compounds, not that of the elements (n. 58 above); see also Sharples (1992) 96 n. 312. 
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On Alexander's view, the causal chain ending with a soul emerging in 
a clod of matter has its beginning in the Unmoved Mover, which can thus 
be said to be the ultimate source of forms and of providence. Bearing in 
mind that Alexander identifies the Unmoved Mover with the active intel- 
lect, this amounts to saying, as some scholars have noted, that for Alexan- 
der the active intellect is the Giver of Forms.® Alexander thus created 
a synthesis of noetics, psychology, and cosmology in offering a largely 
Aristotelian alternative to the Stoic theory of providence. In this scheme, 
which posits a chain of causalities extending from God, the supreme 
Intellect thinking itself, down to material reality and the generation and 
the persistence of informed sublunary substances, the celestial bodies 
are the indispensable intermediaries which bridge the gap between pure 
form and matter and thereby maintain the sublunary world and all beings 
within it. By bridging the gap between the transcendent and the material 
realms, Alexander re-establishes on what he considers to be Aristotelian 
principles the unity of the entire cosmos: the divine power issuing from 
the heavenly bodies re-connects the world’s two realms, the superlunary 
and the sublunary, which had been dissociated by Aristotle. This move— 
Alexander’s alternative to Stoic immanentism®—largely hinges on the 
construal of the heavenly bodies as mediating between the two realms 
of reality. It indeed stands to reason that Alexander's “divine power” was 
qualified as divine not only on account of its origin in the divine heav- 
enly bodies, but also because it was the functional equivalent of the Sto- 
ics divine nvedua.”? (Some Stoics had themselves drawn on a notion of 


“divine force. )”! 


68 E.g. Moraux (1942) 92-93, Thillet (1981) 20-22, Sharples (1987) 1208, Genequand 
(2001) introduction 22. See p. 250 above. 

© See p. 255 above. This point is made on the basis of very different considerations in 
Rashed (1995), notably 344-350. Similarly, Moraux, followed by Sharples, sees Alexan- 
der’s position as having resulted from the absorption of Stoic ideas into the globally Aris- 
totelian framework—an instance of a “critical dialogue” between competing theoretical 
systems that produces emulation through opposition; see Moraux (1942) 162-164 and 
Sharples (1987) 1212 n. 137, 1216. Sharples (1992, 94 n. 307) has further suggested that 
Alexander’s cosmology, especially his doctrine of the divine power, was “part of [his] 
response to Atticus’ charge that Aristotle destroys the unity of the universe and denies 
providence by adopting different principles for the heavens and the sublunary world” 

70 Moraux (1967) 160 n. 2, has suggested that Alexander reacted to the immanentist 
notion of óvvajug as developed in pseudo-Aristotles De mundo. See also Sharples (1992) 
93-94 n. 307. Genequand (2001) introduction 18-19, has pointed out the important 
differences between Alexander’s divine power and parallel ideas in Stoicism and in De 
mundo. 

71 See Cicero, De natura deorum (Pease 1955, 1.35-36, 1.39-40, 2,14, 2.55, 1.253n.). 
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Alexander’s reunification of the sub- and superlunary realms is at the 
core of what I propose to call the astrologization of the Aristotelian cos- 
mos. By this I wish to highlight four facets of an evolution beginning with 
Alexander and through which Peripatetic doctrine assimilated astrolog- 
ical motifs: 


(a) Aristotle’s original scheme in which the Sun and the Moon were the 
only celestial bodies having physical effects on the sublunary realm 
was generalized into one in which this role was ascribed to all planets. 

(b) Aristotle was concerned only to show that generation and corrup- 
tion, inasmuch as they are caused by the Suns annual motion along 
the ecliptic, are cyclical, regular processes which, therefore, are not 
incompatible with the doctrine of the eternity of the world. Alexan- 
der by contrast argued that the heavenly bodies not only cause gen- 
eration and corruption, but through their motions also inform and 
eventually ensoul sublunary matter. 

(c) Whereas Aristotle merely hints at the role of the heavenly bodies 
in exerting owtyoia (see p. 244 above), Alexander explicitly upheld 
their role in exerting providence on the sublunary world’s species. 

(d) Last, but certainly not least, Alexander embraced the distinctively 
astrological view that the affects of the planets upon sublunary sub- 
stances vary with the direction of the planets’ motion (retrograde or 
not) and with their “relationships” ('idafa) to the sublunary material 
bodies (p. 251 above). 


The "astrologization" thus consists, first, in a broadening ofthe explanan- 
dum of physical theory: it accounts not for the mere generation and cor- 
ruption as a brute fact, but rather for forms and providence over species; 
and it consists, second, in extending its explanans, which maintains that 
all the planets produce effects in the sublunary world and that the nature 
of their effects changes with their motions and their relative positions. 
The use of the term "astrologization" should not be misunderstood to 
imply that Alexander accepted astrology: the fundamental astrological 
division of planets into beneficent and maleficent is of course totally 
absent from his work. Rather, the term "astrologization" is meant to con- 
vey that the doctrinal evolution which it denotes served to lower the 


The notion of divine force also occurs in Ciceros De divinatione, where it is connected 
with divination; see Pines (1986a) 125 (117). 
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boundaries between Aristotelian physics and natural astrology. Note also 
that this conceptual characterization of the notion of “astrologization” is 
entirely unrelated to the historical question whether or not Alexander 
was acquainted with and indebted to astrology. For our purposes, the sig- 
nificant point is that Alexanders “astrologized” doctrine of the celestial 
influences on the lower world is a principled departure from Aristotle. 

Alexander's position hinges entirely on the notion of the divine power 
issuing from the heavenly bodies. But how is that power produced, given 
especially that the latter are supposed to be constituted of impassible 
celestial matter?" Alexander attempts to tread a narrow path. On the 
one hand, he clearly associates the divine power with heat: the element 
getting the greatest share of the divine power is fire, which is, therefore, 
the hottest and subtlest as well as also the most perfect element. At first 
glance, this may appear to follow naturally from Alexander's assumption 
that the divine power is generated through the motion of the heavenly 
bodies. But Alexander seems to know better. The most noteworthy ele- 
ment in his account of the generation of the divine power (to which we 
will presently come) is what is absent from it: although Alexander alludes 
to the “contiguity” between the heavenly body and the layer of fire under- 
neath it as a factor involved in the warming, he nowhere mentions the 
heavenly bodys friction as a cause of heat, thus distancing himself from 
Aristotles account, the deficiencies of which presumably did not escape 
him.” The quandary which he faced was to account for the generation of 
the divine power, which is associated with heat, through the motion of 
the celestial bodies but without invoking friction. 

In the De providentia (Thillet 2003, 17.16; Fazzo and Zonta 1999, 
144) Alexander adduces a model: just as a hot body warms neighbor- 
ing bodies, so also the celestial spheres affect the adjacent sublunary 
matter. Alexander here implicitly posits a sort of "action at a distance" 
which leaves the medium unaffected, an idea we encounter also in his 
commentary on the Meteorologica (Hayduck 1899, 17.4-18.8; Moraux 
2001, 279-281). A testimonium from Simplicius confirms that Alexan- 
der indeed upheld a theory according to which heat "overleaps" the layer 
of aether separating the Sun from the sublunary realm without affecting 


72 On Alexander views of the fifth element, see e.g. Moraux (1963) coll. 1238-1239. 

73 Note that De mundo 2, 392b1 explains the heat as being due to “the rapidity of [the 
aether's] motion? Alexander, to be sure, does not deny that friction is a possible source 
of heat; see, e.g., Hayduck 1891, 147.24-25. See also n. 56 above. 
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it.”4 Alexander upheld a similar view with respect to certain other qual- 
ities, notably that of the lodestone.” The analogy between the warm- 
ing by a hot body and the action of the heavenly bodies is revelatory: it 
clearly echoes the traditional conception that the heavenly bodies, espe- 
cially the Sun, are fiery and as a result that they warm the sublunary 
world. But Alexander was of course aware that the heavenly bodies are 
not themselves hot and that Aristotle's attempts to “save” the traditional 
notion within his cosmology by invoking friction were not successful (see 
notes 56, 74). Still, on Aristotelian premises, the paradigmatic model of 
the transmission of qualities is an eminently hot body heating a neigh- 
boring body (Aristotle, Meta. 2.1, 993b24; Hayduck 1891, 147.1-19). To 
do justice to all these assumptions, I suggest, Alexander's reasoning was 
as follows. True, the heavenly bodies are not hot. By contrast, what these 
quality-less bodies do possess to the highest degree is existence, persis- 
tence, eternity, and divinity. Transmitting these from the supra- to the 
sublunary realm is precisely the role of the divine power; it is, as it were, 
the (more abstract or generalized) counterpart of heat, tailored to comply 
with the constraints of the Aristotelian five-element theory. The divine 
power, Alexander thus maintains, outpours or “emanates” (sddirah) from 
the celestial bodies and it reaches the sublunary matter owing to their 
contiguity (Thillet 2003, 18.7-11, 22.25; Fazzo and Zonta 1999, 146, 154); 
specifically, it reaches the "layer" of fire which is in direct contact with the 
celestial sphere. On receiving the divine power, this fiery layer commu- 
nicates it downward to the other elements (Thillet 2003, 18.12—16; Fazzo 


74 Examining the question why the Sun “heats” differently at different times and why 
it heats more than the other heavenly bodies although, ex hypothesi, it does so by virtue 
of its motion, Simplicius writes: 


Alexander says that there are many qualities that things can acquire via intermedi- 
ate substances, yet without the intermediate substances themselves acquiring the 
same [transmitted] quality; they rather pass it on to the things which do acquire 
it. Thus, for instance, he says, “dry bits of wood can be set afire by the Sun without 
the intervening substances [scil. the air] being set afire, and the quality [scil. numb- 
ness] is inflicted on men by the torpedo fish ... through the intervening [fisher’s] 
nets, which are not themselves numb” (Heiberg 1894, 440.23-25). 


I am grateful to Marwan Rashed for pointing out this passage to me, and to Alan Bowen 
for his help with translating it. On this passage, see also Moraux (2001) 280 n. 74. 

75 Alexander makes the point concerning the transmission of qualities without the 
medium being affected, and he adduces elsewhere too the example of the numbness 
transmitted via the fisher’s net without the latter being itself numb; see Hayduck 1899, 
18.8-28 and Moraux (2001) 279-282 (esp. n. 74 and the references). Alexander discusses 
the attraction exerted by the lodestone in similar words in Quaestio 2.23; see Sharples 
(1994) 122-123. 
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and Zonta 1999, 148).’° Alexander affirms that fire is the sublunary body 
whose nature is most akin to that of the divine body: it is on account of 
this congruence (or affinity: mundsaba) of the agent and “the first patient” 
that the latter can “be affected” by the divine power emitted by the for- 
mer (Thillet 2003, 18.13-16, Fazzo and Zonta 1999, 148), a thesis which 
again indicates a concern to do away with any reference to friction. Sub- 
lunary matter is all the more affected by the heavenly bodies since the 
latter, being eternal and divine, are not themselves affected reciprocally 
when they act (Thillet 2003, 17.23-18.2; Fazzo and Zonta 1999, 146).’” 

Alexander apparently struggled toward a notion of a divine power 
operating on the model of the transmission of heat, a view he presumably 
intended to replace Aristotles “lame” idea that the Sun warms by virtue 
of some friction. Alexander’s account is not as explicit as one might have 
wished, but this is apparently the farthest he could get in his attempt to 
ground the general postulate that the divine power pours forth from all 
the heavenly bodies, a postulate he made into the very cornerstone of his 
“astrologized” doctrine of providence. Once this postulate is accepted, 
the view that the heavenly bodies all affect the sublunary world receives 
solid theoretical grounding (contrary to Aristotle's corresponding, even 
weaker, affirmation). 


3. Averroes: An astrologized Aristotelian cosmos 


Averroes, we saw, followed Alexander in considering that the heavenly 
bodies, specifically the planets, vouchsafe God’s providence in the sublu- 
nary world. Averroes’ sentence “if we were to imagine the disappearance 
of a single movement or planet among them, then either no coming-to- 
be whatsoever, or that of some beings, would not be take place, quoted at 
the beginning of this paper (p. 243 above), is a paraphrase of Alexander's 
words (p. 254 above). But whereas the two commentators concurred on 
the nature and extension of providence, Averroes, as we shall see, went 
beyond Alexander in the role he ascribed to the heavenly bodies in bring- 
ing it about. In what follows, my purpose is thus to highlight where Aver- 
roes astrologization of the Aristotelian cosmos builds upon and extends 
that of Alexander. It will naturally be impossible even to review the 


7$ Similarly De mundo 6, 398b20-25. 
77 See De mixtione 11, 226.33 and 13, 229.6-8 on the absurdity of the (Stoic) assump- 
tion that something divine be acted upon. 
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developments that took place in the millennium separating the two great 
students of Aristotle and that culminated in Averroes positions. 

In the sentence following the one just quoted, Averroes writes: “It 
is clear that some existing things are specifically affected by a specific 
planet. This is why we find that those who have observed the stars in the 
past have divided existing things in accordance with them, and posited 
that existing thing A is of the nature of a star X and existing thing B of 
the nature of a star Y” (p. 243 above). What does Averroes have in mind 
in this statement, which would presumably have come as a surprise to 
Alexander??? He is nowhere very explicit, but some hints are available. In 
De gen. an. 2.2, 736a19-20, Aristotle remarks that semen being foam-like 
(apewdys), “the goddess who is supreme in matters of sexual intercourse 
was called after foam (viz. Aphrodite)” (Peck 1979, 165). Averroes, in his 
Commentary, renders this passage as follows: 


Having established this concerning the nature of semen [viz. that it is 
foam-like], it appeared to them [viz. the Ancients] that the planet Venus 
strongly affects [yesh lo roshem hazaq] sexual intercourse more than the 
other luminaries, so much so that they named it “the master of inter- 
course"; they also referred to it as "foam-like" (qispi, qispit).? 


Aristotle's goddess Aphrodite has thus been replaced by the planet Venus. 
Whatever the exact historical development leading up to this, the signif- 
icant fact is that Averroes has no qualms to assign a star X—in this case, 
Venus—to an “existing thing” A—in this case, sexual intercourse, a dis- 
tinctively astrological thought. Similarly, when Averroes refers to “those 
who observed the stars in the past” and who “have divided the existents 
in accordance with them,” he is likely to have in mind the association of 
the seven metals with the seven planets.*0 


78 Maimonides similarly refers to “forces of the stars that are especially assigned to 
[individuals]? (see n. 13 above). His notion of heavenly influences on the sublunary world 
(through which astrology “comes in”) was thus not far removed from that of Averroes 
(with whose writings Maimonides was unacquainted when he composed the Guide). 

7? Averroes, Commentary on the Book of Animals, Treatise 16 (= De generatione 
animalium): Hebrew translation by Jacob ben Makhir in MS Paris heb. 956, fol. 462b: 26- 
28. This work of Averroes is extant only in Hebrew translation. The passage is translated 
also in Shem-Tov Ibn Falaqera, De'ot ha-pilosofim, MS Leiden Or 4758 fol. 245va: 29-33. 
I am grateful to Resianne Fontaine for fruitful exchanges about this passage. 

8? Shem-Tov Ibn Falaqera, who, late in the 13th century, composed in Hebrew an 
encyclopedic account of the sciences which generally is very faithful to Averroes' spirit, 
explicitly invoked this association (although in another context): “Some say,’ he writes, 
that the colors of metals "are according to the planets [lit. stars] acting on them? For 
instance, the yellow color of the gold is related to the Sun, the white color of silver to the 
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Interesting is also the ambivalence that Averroes expresses in his com- 
mentary on Avicennas medical poem Arjüzah (or: Urjüzah). Notwith- 
standing Avicennas uncompromising rejection of astrology, the poem 
expresses an astrologically-inspired position concerning the influence of 
the Moon on the evolution of human illness (Michot 2006, 49*-50*). This 
elicits from Averroes comments on his attitude to astrology. He explains 
the astrological assumptions concerning beneficent and maleficent plan- 
ets and concludes with the remark: “all this is at variance with what has 
been demonstrated in natural science, namely, that the actions of the 
planets are all good, and that the existing things [down] here all draw their 
existence from their motion’! Elsewhere, too, Averroes says that, inas- 
much as astrology ascribes to planets effects now beneficent now malefi- 
cent (depending on their positions), it is invalidated by Aristotelian natu- 
ral philosophy: the planets’ local motion can produce either generation or 
corruption, but not both in alternation.** These statements are obviously 
in complete accord with Averroes’ views of Providence described above, 
views to the effect that all celestial motions are providentially arranged 
so as to maintain order in the sublunary world. Averroes also remarks 
following al-Farabi (see Druart 1978, 1979) that the “forms” which the 
astrologers identify in the heavens (viz. the constellations) are mere sym- 
bols, i.e., that they are purely conventional, “devoid of all truth’; and 
he consequently rejects the astrologers’ contention that they exert influ- 
ences on sublunary things having a “corresponding” form.** But else- 
where in the commentary on Avicennas Arjüzah, Averroes is less clear. 
Thus, where he briefly mentions the Moon’ effect on the crisis of an ill- 
ness, Averroes first summarizes in some detail the standard medieval 
doctrine on the subject (going back to Galen),** and then goes on to 


Moon, and so forth (De’ot ha-pilosofim, MS Parma 3156 [= De Rossi 164], fol. 122a). 
Ibn Falagera borrowed this passage from the Ikhwan al-safa' (Zonta 1996, 282). On 
the history of the association of the planets and the metals, which goes back to high 
antiquity, see Berthelot (1888) 73-85, Bouché-Leclerc (1899) 311-315, Halleux (1974) 
151ff., Crosland (1978) 79-81. Multhauf (1966, 38), in a felicitous turn of phrase, says 
that the differentiation of the metals owes more to astrology than to chemistry. 

81 MS Berlin 236 fol. 172a. This is a mid 13th-century Hebrew translation by Moses 
Ibn Tibbon. 

€ Averroes, Middle Commentary on De generatione animalium: see Alaoui (1995) 
123.13-124:7; Kurland (19582) 88.17-89.28 and (1958b) 101. 

83 Long Commentary on Aristotles Metaphysica, in Bouyges (1973) 1688-1689; trans- 
lation in Genequand (1984) 189. I am grateful to Ruth Glasner for having called my atten- 
tion to this passage. 

84 For a concise summary, see Jacquart (1995) 204-206. 
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remark that “this is known through astrology [lit. the art of the stars], 
which “classifies [the planets] into beneficent and maleficent” (MS Berlin 
236 fol. 193b). He concludes his exposition by affirming his reserve with 
respect to this doctrine, which he does not, however, reject totally: this 
art is “feeble and most of it is false” (MS Berlin 236 fol. 194a). Elsewhere 
too he is circumspect, yet not totally dismissive: 


If what has been maintained by the observers of the effects of the planets 
[lit. stars] in ancient times is true, namely that some of them impart the 
heat and the dryness, some the heat and the moistness, some the cold and 
the moistness, and some the cold and the dryness, then the four qualities 
common to the celestial bodies and to the four elements are predicated of 
them equivocally or according to priority and posteriority.9^ 


Thus, although (like all thinkers in the falsafah tradition) Averroes re- 
garded judicial astrology as untrustworthy,** he nonetheless clearly 
echoes themes derived from the astrological tradition and his account 
of the sublunary world is astrologized much beyond that of Alexander. 

The celestial influences on the sublunary world have a central role also 
in Averroes’ view on the origin of forms in matter. We are here inter- 
ested in his later position, the one he held after having relinquished the 
traditional idea of the active intellect as the Giver of Forms," ascribing 
instead the coming-to-be of forms in matter to the formative powers of 
the celestial bodies. His point of departure is the Alexandrian view that 
whatever existence, persistence, and perfection is found in the sublunary 
world perforce goes back to the heavenly bodies: 


Existing things in motion are of two kinds: those whose motion is eternal 
and whose particular instances are neither generated nor corrupted; these 
are the most noble existing things among the things in motion and they 
exist by necessity. These are the heavenly bodies. The second kind of thing 
in motion is the one [of which particular instances] now exist and now are 
non-existent. These are the ones whose natures are susceptible to being 
more or less perfect. By contrast, it is in the nature of the first kind that 
[its instances] be of the utmost perfection. For this reason, this [first] 
kind of existing thing is the cause of the existence of the second kind ... 
Existing things in motion of the first kind extend help to those of the 
second kind, exert providence over them, and educe them from non- 


85 De substantia orbis, in Hyman (1986) lines 166-169; translation on p. 95, modified; 
see also Glasner (2000) 319. Note that the phrase “observers of the effects of the stars” 
refers specifically to the astrologers, not to astronomers. 

36 See also Averroes, Tahafut al-Tahafut in Bouyges (1930) 510f. Van den Bergh 
(1954) 312. 

87 This change of mind has been identified in Davidson (1995). 
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existence to existence, and bring them forth from a lifeless existence to a 
living existence and from a living existence to an ensouled existence, until 
they acquire the most perfect existence their nature is capable of receiving. 
And just as [the heavenly bodies] exert providence in that they move a 
deficient existence into a perfect existence, so also they exert providence by 
endowing [the sublunary things] with eternal and permanent persistence, 
as far as their nature allows. 5 


But Averroes ascribes not only the “existence” of the sublunary sub- 
stances to the heavenly bodies, but also, more specifically, soul and life. 
Thus, he writes that “some of the compounded substances are ensouled 
owing to the heavenly bodies. This is why Aristotle says that a human 
being is produced by a human being and the Sun. The reason for his 
holding this view is that a human being is produced by a human being 
like himself and that because those [celestial] bodies are alive they can 
endow with life what is [down] here [in the sublunary world]. For only 
a body whose nature is to be ensouled can move matter to the animate 
[i.e., soul-] perfection?*? Needless to say, this position is a far cry from 
those of either Aristotle or Alexander. Indeed, as I have argued elsewhere, 
in Averroes later view, the celestial bodies assume a heavy load: they are 
the precise functional equivalent of the active intellect in Averroes’ early 
view and are taken to produce whatever form, order, stability, and per- 
manence there are in the world of generation and corruption.” 


This brings us to our last question: How does Averroes account for the 
informing and vivifying powers of the planets? He seems to answer 


88 Averroes, Commentary on Book of Animals, Treatise 16 (= De gen. an.), Hebrew 
translation by Jacob ben Makhir in MS BNF héb. 956, fol. 225b: 1-11 (translation 
quoted from Freudenthal 2002, 120), roughly corresponding to Aristotle, De gen. an. 2.1, 
731b24-33. 

8° Averroes, Epitome of Aristotles Metaphysica: Quirós Rodríguez and Puig Montada 
[1919] (1998) 161 ($ 65), Van den Bergh (1924) 137.30 (translation quoted from Freuden- 
thal 2002, 120-121). The passage (a late addition) is summarized in Davidson (1992) 241. 
See also the two redactions of another passage in the Epitome of the Meta., translated in 
Davidson (1992) 239. In the Long Commentary on the Metaphysica, Averroes similarly 
writes that inasmuch as celestial bodies “are the principle [mabda’] of animated and non 
animated things" they themselves necessarily are “animated” [mutandfisah], and their 
principles *must be body and soul" (Bouyges 1973, 1534.8-10). In the same work, he 
similarly states that "it is the Sun and the other stars which are [the] principle of life 
for every being in Nature" (Bouyges, 1973, 1502.1-3). Averroes explains that if Aristotle 
invoked only the Sun in this context, this is simply owing to the fact that "it is the star 
whose action is most manifest in that respect" (viz. that of endowing life; see Bouyges 
(1973) 1502.7-8, translation quoted from Freudenthal (2002) 121). 

°° See Freudenthal (2002) for further details. 
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this question with reference to the “heats” (a term by which he means 
qualitatively different kinds of heat) of the planets: systematically using 
the term in the plural form, he holds that every planet has a different sort 
of heat. For instance: 


As for the "heats” generated by the "heats” ofthe stars, which produce each 
distinct species of animals— [each one of these “heats”] is potentially this 
or that species of animal. The power [taqdir] present in each of the “heats” 
depends on the amount of the motions of the stars [i.e., their velocities] 
and their relative positions with respect to their closeness or distance. This 
power originates from the divine and intelligent work [mihna], which is 
analogous to the single form of the single primary art, to which other arts 
are subordinated.?! 


Whence derive these differentiated formative powers of the “heats”? 
In his Commentary on Aristotles De gen. an., Averroes, rephrasing 2.3, 
736b30 ff. (see n. 5 above), remarks that the heat in semen “is related" or 
"analogous" (meyuhas el) to that of the Sun: both "give rise to and ensoul 
(maamid ... u-mehayyeh) bodies” (rather than destroy them, as ordinary 
fire does); indeed, without the concourse of the Sun and the spheres, the 
power in the semen’s heat lacks the power to ensoul.” Specifically, in so- 
called spontaneous generation, "the power, which is like an instrument 
[or a substrate] carrying the formative power, is the heat engendered 
by the Sun and the planets, [when it cleaves to] the body suitable for 
this action, namely the aeriform body which resembles the body of 
semen that is engendered in sexually-reproducing animals??? This power, 
Averroes states, is the one Galen had called formative (mesayyer).?* The 
gist of the matter thus seems to be this: the semen of a male of each 
species, and even of each individual within a species, carries a distinct 
kind of heat, as the variety of the engendered individuals testifies; so 
also the heavenly bodies emit each a distinct kind of heat. (Averroes no 
doubt regarded the variety of living beings supposedly produced through 
"spontaneous generation" as confirming this view.) 


?! Bouyges (1973) 1501.16-1503.1, translation from Freudenthal (2002) 124. 

?? Oxford, Bodleian Library Opp. 1641 Qu (= Neubauer 1381 = Institute for Micro- 
filmed Hebrew Manuscripts, Hebrew University, Jerusalem [= IMHM] # 22405), fol. 
229a: 22-23. Similarly in Ibn Falaqera, De’ot ha-pilosofim, Leiden, MS Or 4758, fol. 246aa: 
23. 
°3 MS Oxford 1641 fol. 241b: 4-6, and fol. 255ab: 25-30, respectively. The additions in 
square brackets are words found in Ibn Falaqeras version, but not in Jacob ben Makhir’s. 

% E.g, MS Oxford 1641 fols. 229a: 29, 241b: 11 and fols. 246ab: 4, 255aa: 7-8, 
respectively. See, e.g., Galen, De nat. fac., 1.5-6. 
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Averroes thus drew on the notion of a plurality of “heats” advisedly, 
considering it to be theoretically well-grounded. It seems, moreover, to 
have been entrenched in contemporary natural philosophy, for similar 
ideas can be found in al-Farabi.** This topic calls for further research. 

But how can these informative “heats” be generated by the quality-less 
heavenly bodies? So far as I see, Averroes comes closest to an answer in 
the Epitome of De caelo, where he explicitly raises the embarrassing ques- 
tion how the Sun and the other planets warm, although their substance is 
that of the “fifth body” (Al-sama' wa-1-'alam 48.1). In answer, he writes: 
“The specific thing about the planets’ [lit. stars] and the Suns heating is 
their light" (Al-sama’ wa-'i-'alam 49.3-4). How does this light connect 
to the heating? The question has more to it than meets the modern eye: 
contrary to post-17th-century physics, in the Aristotelian natural philos- 
ophy there is no causal connection whatsoever between heat (“fire”) and 
light (“the activity of what is transparent qua transparent”: De an. 2.7, 
418b10; see also 419a9). Consequently, “light does not appertain to fire 
by virtue of its being fire"? To connect light and heat, Averroes argues: 


Light qua light warms the bodies down here by virtue of a divine power 
(quwwa illahiyya) when it is reflected. This holds a fortiori when the rays 
(al-hutut al-shu‘a‘iyya) fall on the warmed body in right angles, for then 
the reflection is greater. In fact, when the reflection is stronger, the heating 
is stronger, as we can see in the cases of the burning mirrors and the glass 
flasks which burn wool. A fortiori [this holds] when the reflecting body is 
polished.” (Al-samá* wa-'l- alam 49.1112) 


Averroes account entirely hinges on the notion of “divine power; which 
he in all likelihood borrowed from Alexander. However, the theoretical 
meaning he attributes to it is not the same as for Alexander. Whereas 
Alexander held that the divine power endowed matter with the capacity 
to be informed and ensouled, Averroes draws on it to connect light 
with heat. Does this mean that Averroes introduced the divine power 
merely as a sort of ad hoc theoretical gap-filler in order to account for 
the palpable fact that light, especially reflected light, warms? Is this an 
instance of obscurum per obscurius (which the qualification “divine” is 


°° Al-Farabi invokes the “heats” and “lights” of the planets as informing causes; see 
Druart (1978, 1979 and 1981). 

°6 In the De substantia orbis, Averroes writes that “the commentators ... were of the 
opinion that the capacity to produce heat through the reflection [of light] is not one of the 
accidents that are specific to fire; rather, it is one of the accidents common to the celestial 
bodies and to fire” (Hyman 1986, lines 156-158, translation 94 modified). 

97 Averroes, Al-sama‘ wa-'- dlam 49.4-10; translation from Freudenthal (2002) 130. 
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intended to cover up)? This question must be left open at this stage.’ 
What can be affirmed with confidence in any event is that in both 
Alexander’s and Averroes systems, the notion of “divine power” provides 
the theoretical foundation for the claim that the celestial bodies can 
influence natural processes in the sublunary realm: in both schemes, this 
concept bridges the gap created by Aristotle in separating the supra- from 
the sublunary world and it thus underlies whatever astrologization these 
schemes propound.?? 


4. Conclusion. The astrologization of the 
cosmos: Aristotle, Alexander, and Averroes 


In this study, I have looked at three central stages in the evolution that I 
have dubbed “the astrologization of the Aristotelian cosmos" — Aristotle, 
Alexander, and Averroes, with some additional light coming from Mai- 
monides. My purpose was not to describe the evolution stretching over a 
millennium and a half, but only to identify it. Aristotle posited a strict 
demarcation of the world into a sublunary and a superlunary realm. 
He recognized that the motion of the heavenly sphere, notably that 
of the Sun, affects the sublunary world, notably in creating the condi- 
tions for generation and corruption. This influence of the upper on the 
lower world could not be grounded in his theory of matter and Aris- 
totle accounted for it ad hoc as due to the warming effect of motion. 
Alexander introduced the innovative idea that divine providence over 
the species ofthe sublunary world is exerted through the planets, thereby 
making a decisive step toward the astrologization of the Aristotelian cos- 
mos. Alexander yet curtailed the heavenly bodies’ causal role: while he 


8 It should be noticed that in later works, precisely when he replaced the account of 
forms in terms of the active intellect by the account in terms of the "heats" of the planets, 
Averroes does not seem to invoke again the notion of “divine power.” The evolution of his 
views on this issue needs to be examined in the context of the evolution of his thought 
in general, and on the issue of the active intellect and the origin of sublunary forms in 
particular. Averroes' account(s) of the production of heat through light should also be 
compared with that offered by Simplicius in his Commentary on De caelo 2.7 (438:28- 
444:15 Heiberg). I am grateful to Marwan Rashed for this reference. 

?? The notion of divine force appears in many contexts in later Arabic philosophical 
literature, e.g., in natural philosophy Kraemer (1986, 176) thinks that this goes back to 
Alexander, and in accounts of dreams and divination (this may go back to the Stoics; see 
Pines 19862). 
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departed from Aristotle in assigning a causal role to all planets and espe- 
cially in invoking the latter's "relationships" to one another as a relevant 
factor, he did not take the planets to act specifically and directly on the 
sublunary substances ('existing thing A is of the nature of a star X and 
existing thing B ofthe nature ofa star Y”). Alexander integrated the celes- 
tial influences into his system via the notion of “divine force,” which he 
also took to produce the sublunary forms (including souls and life). Later 
authors continued to ascribe to the planets a role in the generation of sub- 
lunary ensouled substances (namely, by mixing the elements and thus 
“preparing” the mixture to receive forms), but the role of informing sub- 
lunary substances was ascribed to a separate entity (notably Avicennas 
metaphysical notion of the Giver of Forms). When (in his later period) 
Averroes relinquished the active intellect and transferred to the planets 
also its function as a cause of existence, the latter were construed as the 
givers of forms, thus bringing the astrologization within the Aristotelian 
tradition to an its final stage. 

Two further doctrines not discussed so far to which contemporary 
writers referred in this context should be now briefly mentioned. Accord- 
ing to one standard view, mans psychic faculties follow upon his physi- 
cal constitution, i.e., the temperament of his body. Thus, e.g., if “the hot” 
is dominant, the man is irascible.' Added to this was the assumption 
that the heavenly bodies, by virtue of their motions, mix the sublunary 
elements and that subsequently the resulting “blend” receives an appro- 
priate form from the active intellect so that all substances, including 
man, ultimately owe their existence to the celestial bodies (see David- 
son 1992). The two doctrines imply that the psychic faculties of a man 
in fine depend, at least partly, on the celestial bodies.!?! This conclusion 
grounded (and was in turn confirmed) by climatology, that is, a the- 
ory going back to Greek antiquity which derived the physical and psy- 
chic characteristics of peoples from the climate at their places of resi- 
dence.'?? All these generally accepted ideas made it easy for astrologers 
to argue that man’s character and, hence, his conduct, ultimately depend 


100 This theory, already present in Aristotle, was articulated notably in Galens Quod 
animi mores corporis temeramenta sequantur. This treatise was widely diffused in its 
Arabic translation; see Biesterfeldt (1973). Alexander echoes this Galenic view in De fato 
6, 170.20 ff.; see Thillet (1984) cii-ciii, Sharples (1983) 130. Maimonides also shared this 
view; see Freudenthal (2003). 

101 See Freudenthal (2004) and (2005) on al-Farabi and Maimonides. 

102 See, e.g., Glacken (1967), Altmann [1944] (2005). 
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on the planets and can be predicted, at least with a great probability (see 
Freudenthal 2005). Maimonides certainly did not err in considering that 
astrology threatened to “come into” contemporary cosmology. 

Just as astrology entered philosophy, so, too, natural philosophy pene- 
trated astrology. As noted earlier, Ptolemy had already presented astrol- 
ogy in his Tetrabiblos as grounded in premises derived from natural phi- 
losophy.'° This trend was subsequently pursued and amplified, espe- 
cially in Arabic philosophy in which there was a notable rapprochement 
between philosophy and astrology in Neoplatonically-inspired quarters 
(especially in the works of al-Kindi, his student Abü Ma'ashar al-Balkhi, 
and the Brethren of Purity).'°* These developments left their mark also 
on thinkers who dismissed astrology itself. Aristotles bi-partition of the 
universe continued to be upheld on the level of principles, but it was in 
part undone on the level of natural philosophy. 

The totality of medieval natural philosophy in the Aristotelian tradi- 
tion posited the existence of celestial influences on the sublunary 
world.^ As Maimonides put it: “there is a consensus of all philoso- 
phers to the effect that the governance of this lower world is perfected by 
means of the forces emanating to it from the [heavenly] sphere” (p. 244 
above). This made dismissing astrology more tricky than it may seem: 
those philosophers who (grudgingly) conceded to compose a refutation 
of astrology!” could not easily conduct their argumentation on the basis 
of an outright denial of any influences of the heavenly bodies on the sub- 
lunary world. Inasmuch as they did not question the very idea that the 
natural processes down here depend on the heavenly bodies, it was not 
possible to ground a rejection of astrology in physical theory." There- 
fore, authors of refutations of astrology usually chose to argue on other 


103 See, e.g., Long (1982) 178-179, Riley (1987). 

104 On the introduction of astrology into the Arabic culture, see Ullmann (1972) 
esp. 271-277, Sezgin (1979) esp. 3-29, Saliba (1999), Fazzo and Wiesner (1993), Adam- 
son (2002). 

105 For comprehensive studies, see North (1987), Grant (1994) 569-617, Freudenthal 
(2009). 

106 Philosophers usually viewed such a task as below their rank and mostly wrote 
refutations only as a response to a request from a third party; for them it was not a 
scientific issue. 

107 Maimonides however seems to have construed nature as being intrinsically indeter- 
minist (Funkenstein 1977). He does not explicitly connect this to his rejection of astrol- 
ogy, but the two may have connected in his mind. See Freudenthal (2004) and (2005). 
The indeterminacy of nature is upheld on different grounds by Avicenna (Rashed 2000) 
as well. 
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fronts: they maintained that the precise effects of the heavenly influences 
are unknowable (too many factors are involved) and that astrological 
determinism can be undone by human free will. "9% 
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A. Medieval and early modern manuscripts? 


Family a 


Parisinus graecus 1853 (E) ca 10th century, De caelo on folios 69-106 v*. 

Vaticanus gr. 253 (L after Bekker 1870) 13th century. 

Vaticanus Ottobonianus gr. 188, 15th century, based on Vaticanus gr. 253 and 
the exemplar used by William of Moerbeke in his Latin translation (T). 


Family b 


Vindobonensis phil. gr. 100 (J) 9th century (second half), De caelo on folios 56- 
86. 

Marcianus gr. 214 (H? in Bekker 1870) 12th century. 

Marcianus gr. 200 (Q in Bekker 1870) 1457, copied from J by Jean Rhosos. 

Marcianus gr. 210 (F™ in Mioni 1958, U in Longo 1961) 13th century, combines 
Marcianus gr. 214 and Vaticanus gr. 253. 

Marcianus gr. 211 (E^ in Bekker 1870, V in Moraux 1954 and in Longo 1961) 
13th century, derived from Marcianus gr. 210. 

Marcianus gr. 212 (G° in Bekker 1870) 15th century, derived from Marcianus gr. 
214 with variants from Marcianus gr. 211. 

Marcianus gr. 206 (f in Bekker 1870) 1467, copied at Rome by Charitonymus 
Hermonymus of Lacedemonia, based on Marcianus gr. 211. 


! The editors are very grateful to Andrea Falcon for his valuable suggestions and 
additions to this bibliography, and to Veronica Shi for her editorial work. We also thank 
Gerhard Endress for his kindness in supplying us with the information for the entries on 
the Arabic tradition. 

? Following Moraux (1965): cf. Moraux (1954). 
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Laurentianus 87,17 (j in Longo 1961) 14th century. 

Vindobonensis phil. gr. 64 1457, copied under the direction of Jean Rhosos. 
Laurentianus 87,11, attributed to Jean Rhosos. 

Riccardianus gr. 14 (O^ in Bekker 1870) 15th-16th century. 


Vaticanus gr. 1027 (H after Bekker 1870) 12th century. 
Same subgroup as Vaticanus gr. 1027 


Vaticanus Urbinas gr. 37 (M after Bekker 1870) 14th century. 

Parisinus Coislinianus 169 (m in Longo 1961) 14th century. 

Laurentianus 87,7 (F after Bekker 1870) 14th century. 

Vaticanus gr. 499 (k in Bekker 1870, f in Longo 1961) 13th-14th century, 
related to Laurentianus 87,7. 

Parisinus gr. 2595 (e in Longo 1961). 


Unconnected subgroups 


Ambrosianus gr. 403, G 61 sup. (G in Longo 1961) 13th century. 
Direct descendants 


Vindobonensis phil. gr. 2 1496, copied in the Abruzzes by Robert Maiora- 
nos. 

Vindobonensis phil. gr. 27, early 16th century. 

Parisinus suppl. gr. 642 (s in Moraux 1954, P in Longo 1961) 14th century. 

Parisinus gr. 2032 (iin Bekker 1870, p in Longo 1961) 14th century. 

Parisinus Coislinianus 166 (o in Bekker 1870, O in Moraux 1954) end of 
14th century. 

Parisinus gr. 1860 (l in Bekker 1870) 15th century. 

Vaticanus gr. 249, 15th century. 

Laurentianus 81,1 (S in Bekker 1870 and in Fobes 1913, Qin Longo 1961) 
end of 13th century, copied by Jean Panaretes. 

Vaticanus Palatinus 161 (P in Moraux 1954) 1442, copied by Jean Scutar- 
iotas from Laurentianus 81, 1. 

Ambrosianus gr. 512, M 46 sup. (A in Moraux 1954, W in Longo 1961) 
13th century. 

Vaticanus Urbinas gr. 38 (Q* in Bekker 1870) 15th century, copied by 
Michel Apostolios and modeled on Ambrosianus gr. 512, M 46 sup. 


Other manuscripts prior to 1600 


Alexandrinus Bibl. Patriarc. 87 (26. 606. 76) 16th century, with commentary by 
Theodore Metochites in the margins. 

Ambrosianus gr. 725, R 119 sup. 16th century. 

Ambrosianus gr. 1026. G 115 inf. 16th century. 

Berolinensis gr. In fol. 677, 13th-14th century. 

Bononiensis Bibl. Univ. 2302 (olim 216) 15th-16th century, copied at Padua by 
Zacharias Kallierges the Cretan. 

Cantabrigiensis Bibl. Univ. 190 (Dd. IV 16), copied at Florence in 1441. 

Cantabrigiensis Bibl. Univ. Add. 1732, beginning of 14th century. 

Laurentianus 87,20 (v in Bekker 1870, A in Longo 1961) 14th century. 
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Lugduno-Batavus Vossianus gr. Q 3, 13th century. 

Lugduno-Batavus Vossianus gr. F 63, end of 15th century. 

Matritensis Bibl. Nat. 4563 (olim N 26) 1470, copied by Constantin Lascaris. 

Monacensis gr. 200, 15th-16th century. 

Oxoniensis Bodl. Bywater 4, 1418, copied on Crete by Jean Chionopoulos. 

Oxoniensis Coll. Corp. Christi 104, 15th century, copied by Jean Thessalos Scu- 
tariotas, first three books only. 

Parisinus gr. 1861 (c in Bekker 1870) 15th century, copied by George Gre- 
goropoulos. 

Parisinus gr. 1866, 15th century, excerpts only. 

Parisinus gr. 2033, 15th century, copied by Michel Apostolios. 

Parisinus gr. 2063 (Z in Longo 1961) 14th century, stops at A 3.269b33. 

Parisinus gr. 2595?, 13th-14th century. 

Scorialensis Z III 2 (101 Revilla) 16th century. 

Scorialensis T II 13 (152 Revilla) 15th century, copied by Antonio Damilas of 
Milan. 

Scorialensis T II 21 (160 Revilla) 16th century, first three books only. 

Vaticanus Reginae Suecorum gr. 125, 16th century. 

Vaticanus gr. 252, 16th century. 

Vaticanus gr. 254, 14th century, with Simplicius commentary. 

Vaticanus gr. 2201. 

Vindobonensis phil. gr. 75, 1445, copied by Demetrios Kykandyles. 


B. Modern critical editions of the Aristotles De caelo 


Allan, D.J. (1955) Aristotelis de caelo libri quattuor, 3rd edn 1961 (Oxford). 
Bekker, I. (1870) Aristotelis opera (Berlin). 

Longo, O. (1961) Aristotele. De caelo (Florence). 

Moraux, P. (1965) Aristote. Du ciel (Paris). 

Prantl, C. (1881) De coelo, et de generatione et corruptione (Leipzig). 


C. Commentaries and translations 


C1. Ancient to early modern commentaries in Greek and Latir? 


4th century 


Themistius, In libros Aristotelis De caelo paraphrasis, hebraice et latine. Sefer ha- 
shamayim we-ha-'olàm le-Aristo ‘im perüsh Tàmisti'üs (ed. Landauer 1902). 


3 Following Edward Grant in Planets, Stars, and Orbs: The Medieval Cosmos, 1200- 
1687 (Cambridge, 1994). The original dates of publication and/or modern editions are 
listed where available. 

^ Hebrew translation by Zerahyah ben Yishàq ben She'alti'él, made in 1284, from 


286 ARISTOTLE S DE CAELO: A BIBLIOGRAPHY 


6th century 


Simplicius of Cilicia, In Aristotelis de caelo commentaria (ed. Heiberg 1894). 


9th century 


Pseudo-Avicenna, Liber celi et mundi (ed. Gutman 2003). 


12th century 


Gerard of Cremona, Aristoteles, Liber de celo et mundo (ed. I. Opelt 1971). 
Translation from the Arabic of ibn al-Bitriq (9th century) into Latin. 


13th century 


Albertus Magnus, De coelo et mundo (ed. Hossfeld 1971). 

Alvaro of Toledo, De substantia orbis (ed. Alonso Alonso 1941). 

Gunsalvi of Burgos (ed. Renaud 1973). 

John of Jandun, Quaestiones in Aristotelis de caelo. 

Michael Scot, Averrois Cordubensis commentum magnum super libro de caelo et 
mundo Aristotelis (ed. Arnzen 2003). 

Petrus de Alvernia, Quaestiones supra librum de caelo et mundo (ed. Galle 2003). 

Thomas Aquinas, In libros Aristotelis de caelo et mundo expositio (Commissio 
Leonina 1886, ed. Spiazzi 1952). 

Thomas de Bungeye, Quaestio in Aristotelis de caelo et mundo (ed. Parker 1968). 

William of Moerbeke, Simplicii in Aristotelis de caelo (ed. Bossier, Vande Veire, 
and Guldentops 2004). 


14th century 


Albertus de Saxonia, Quaestiones in libros Aristotelis de caelo et mundo (ed. Patar 
2008). 

Ioannis Buridanus, Expositio et quaestiones in Aristotelis de caelo (ed. Moody 
1942, ed. Patar 1996). 

Nicole Oresme, Le livre du ciel et du monde (ed. Menut and Denomy 1968). 

Paul of Venice, Liber celi et mundi. 


15th century 


Johannes de Magistris, De caelo et mundo. 
Thomas Bricot, Quaestio in Aristotelis de caelo et mundo (1486). 


the lost Arabic version of Yahya ibn ‘Adi, died 974), and the Latin translation from the 
Hebrew by Moses Alatino (16th century). 
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16th century 


Quaestiones in de caelo 
Conimbricenses, or Coimbra Jesuits (1592, reprinted 1598). 
Galileo Galilei (ed. Wallace 1977). 
Johannes Major (1526). 


17th century 


Quaestiones in de caelo 
Pedro Hurtado de Mendoza (1615). 
Bartholomew Amicus (1626). 
Raphael Aversa (1627, vol. 2). 
Roderigo de Arriaga (1632). 
Bartholomaeus Mastrius and Bonaventura Bellutus (1640). 
Franciscus de Oviedo (1649). 
Thomas Compton-Carleton (1649). 
Franciscus Bonae Spei (1652). 
Melchior Cornaeus (1657). 
Sigismundus Sebellonus (vol. 2, 1663). 
George de Rhodes (1671). 
Illuminatus Oddus (1672). 
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5 A defective printing from one ms., presenting for book 1 the revised version of 
Mihran (v. infra); critical edition in preparation by Gerhard Endress, Aristoteles Semitico 
Latinus (Leiden 2010). Variants against the Greek ms. tradition have been discussed, on 
the basis of the notes in Endress 1966, by Taran (1974). 

$ Sixteen quaestiones on all parts of De caelo. The authorship of Hunayn, which can be 
deduced from a note in Ibn al-Nadim (died 980), al-Fihrist, 250.30 (Flügel) is uncertain. 
The medieval tradition attributes the text to Avicenna. The Hebrew version, while made 
from a Latin version, has numerous revisions and additions in comparison to the extant 
Latin text; see Glasner (1996). While there are certain parallels with the commentary by 
Themistius, this is not a paraphrase of the latter; see Glasner (1996) pace Alonso Alonso 
(1951). 
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12th century 


Ibn al-Salah (Aba l-Futüh Ahmad ibn Muhammad ibn al-Sari), Qaul fi Bayan 
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Hebrew text of lost Arabic original with English translation and commentary 

(ed. Hyman 1986), Latin version by Alvaro de Toledo (ed. Alonso Alonso 

1941). 











7 Large fragments preserved in ms Paris, Bibliothéque nationale de France, arabe 
2281. The translator, a physician of Baghdad who died in 1043, was the author ofa number 
of commentaries of Aristotelian works. The lemmata of Aristotle text are accompanied 
by a concise literal commentary in the tradition of the Alexandrian lexis, preserving also 
the division into lecture courses, pragmata, Arabic ta'lim. 

8 Aba Sahl, a Christian physician from Khurasan who died in 1010, was a teacher of 
Avicenna in medicine. 

? Translated by Gunsalvi of Burgos ca. 1280. The subject matter of De caelo 3 is treated 
in the context of the following part of the Sifa’, al-Kawn wa-l-fasád (“De generatione et 
corruptione”), also edited by Qasim. 

10 See n. 4 above. 
11 A critique of De caelo 3.8 306b3-8. 
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Above and below: 200, 203 

functional and cosmic: 195, 199, 
201, 203 

Above, right and front: 191 
more honorable: 197 f. 

Absolute space: 126 

Accidents: 46 

Action: 26, 149, 151f. 
voluntary: 46 

Active potency: 147f. 

Active principle: 150-152, 156f., 
159 

Actuality: 121 f. 

Aeon (aimv): 35-37, 43 f. 

Aether (aiðńo): 12, 17-19, 23, 63, 
83, 86, 100-116 passim, 139, 142, 
145, 239, 248, 263 

Air (element): 99 f., 126, 141, 144- 
146, 155f. 

Alchemy: 246 

All, the (tò zt&v): 13 

Analogy: 76 

Aphrodite: 266 

Aristotles development: 58 

Astrologization: 239 
definition of: 262 

Astrology: 245 f., 274 
botany and medicine of: 246 
Chaldean: 246 

Astronomy: 163-165 
Aristotelian system of: 183 f. 

Atomists, the: 141 


Biological functions: 208 
Biology: 216f., 219, 224, 230, 235 
Bodies: 12, 140f. 
definition of: 131 
infinite: 106 
simple bodies: 14f., 84, 93, 152 ff. 
as simple or compound: 142 
unity of: 132, 158 


“Can” and “possible”: see “Possi- 
bility” 
Categories: 31 
Change: 151 
categories of: 147 
definition of: 148 
as end-oriented (e-change): 
120-122 
enforced: 147 
observable: 54 
principles of: 12, 146 
Circular motion: see Motion, 
circular 
Clockwise and anti-clockwise: 
114, 116 
Concave and convex: 113 
Contingency: 46-48 
Contrariety: 86, 89, 94-98, 105, 
110-112, 116 
Cosmology 
empirical: 212 
Platonic: 9, 13, 29 
teleological: 9 
Cosmos 
center and extremity of: 
155 
eternity of: 113 
perfection of: 51 
things beyond: 35 
Counter-Earth: 53 
Counterfactual argument: 
221, 229, 231 
Counter-natural (“unnatural”): 
101 ff. 
Creator: 12 


Demiurge: 14f. 
Dialectical argument: 61 
Dimensions: 55 

cosmic: 201 

pairs of: 192, 201 

principles of: 192, 201 
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Direction (cosmic) 
orientation: 192, 197 
relative definition of: 19-21 
Divine body: 251 
Divine power: 249, 252f., 255 f., 
271f. 
Dynamis (Svvauts), immanentist 
notion of: 261 


Earth (element): 141, 143 f. 155 f. 
as heavy: 123 
dynamic and static interpreta- 
tions of: 124 
essence and form of: 93, 122 
movement of: 99 f., 119-138 
passim 
Earth (planet): 139, 142, 155 
as dynamic: 143 f. 
as impassive: 136-138 
position of: 137 
Ecliptic: 240, 242 f., 254 
Ecosystems, stability of: 135 
Eleatic doctrine: 172 
Elements: 83, 85, 99, 113, 116, 139, 
150f., 157, 240, 248, 257 f. 
active and passive potencies of: 
140, 145 
as pure matter (or, as formless; or, 
as heaps): 132, 152, 159 
definition of: 142 
parts of: 133 
terrestrial: 90 
theory of: 120, 126 
transformation of: 140, 145 
Elemental motion: 89, 102, 159 
natural: 99, 150, 152 
principle of: 150 
as teleological: 133 
Empirical standard of confirmation: 
55, 57f. 
and Socrates: 61 
Equilibrium: 135 
Etymology: 76 
Evaporation: 123 
Everlasting (ÓLÓL0g): 32, 35, 40 f., 48 
Evidence: 211 
dual standard of: 58 


empirical: 217, 220, 222, 227 f., 
235 
Exhalations, atmospheric: 240, 254 
Experience: 55 
Explanation (see also “Logos”, 
“Empirical standard’, “Truth”, 
“Inquiry”): 215-236 passim 
Ott and Ótóni: 165 


Fifth element: see “Aether” 

Final cause (see also “Teleology”): 
132 

Fire (element): 93, 99-102, 113, 
117, 141-145 passim, 155 f., 
257 
body of: 101 
sphere of: 101, 107 

Fixed stars: 105, 251 

Form: 107, 152-158 

Formative power: 270 

Friction: 263, 265 


Generation 
and corruption: 116, 240 
spontaneous: 240, 270 
Genéton and phtharton (yevvytov 
and pdaoTÓV): 29-49 passim 
Geometry and arithmetic: 208 
Giver of Forms: 261, 268, 273 
God: 13, 24, 261 


Heat: 270 f. 
Heaven (oveavods): 10 f., 18, 25, 94, 
101 
ensouled (£uwvyoc): 25 
Heavenly bodies: 94, 252 
Heaviness: see “Weight” 
Homocentric spheres: 166 
Hot and cold, wet and dry: see 
“Qualities” 
Hypothesis: 61 


Immanentism (see also “Dynamis”): 
261 
Indemonstrable principles: 208 
Infinite: 36, 86 
in one direction: 44 f. 
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Inquiry, dialectical and scientific 
modes of (see also "Explanation" ): 
65 

Intermediate elements: see “Air 
(element)” and “Water (element)” 

Intellect 
active: 250, 261, 268, 272f. 
material: 250 

Isoperimetry: 176 


Lightness: see “Weight” 
“Like is moved to like”: 153, 155 
Locomotion: 56, 157f. 
animal: 194, 199f., 202, 208f. 
locomotive parts: 198 
of self-movers: 199 
simple: 12, 56 
Logos (AóyoG): 19, 52, 59 
Reasonable (£0Xoyoc): 51-81 
passim, 192, 197, 201 
“in accord with reason” (xaTd. 
NóYyOV): 59 


Magnitude: 55, 140f. 
dimensions of: 188, 191, 201, 205 
simplicity of: 90 
source of: 193 
Materialist Schema: 134-137 
and the “invisible hand”: 135 f. 
Mathematicians: 54 
Matter (ŬAN): 116, 156, 259 
Method 
of the De caelo: 51-81 passim 
“physical” and “general”: 29 
Mind (vot): 13 
Moon: 155, 240, 242, 254f., 259 
sphere of: 139, 143 f. 
Motion (xtvyotc): 120, 140, 251 
circular: 17, 18, 87, 89, 92—94, 
99-104, 109f., 113, 120, 121 
constraint and: 136 
definition of: 154 
enforced: 91-94, 104, 108, 109, 
143, 146, 150, 152 
eternal: 108 
external mover: 136, 147 
of fixed stars: 23 


linear: 121 
of planets: 22 
preternatural: 105-110 
principles of motion and rest: 
136, 144 
simple: 84-93, 102, 141 
source of: 83, 91, 196 
of wheels: 87 f., 102 
Mules, as sterile: 72 


Natural motion: 53, 88-91, 99 ff., 139 
active principle of: 150, 156 
elemental: 150, 152 

Natural science: 52, 215, 218, 219, 
234 

Nature: 12, 16, 86, 141, 148f. 
Alexander' notice of: 252, 256 
as source of motion: 123 
does nothing in vain: 115, 193, 

216, 229, 231 
always does what is best: 211 
scala naturae: 27 
tendency towards: 121, 123 

Necessity (dvdyxn): 15, 69, 225 
logical and epistemic: 69 

Non-natural (“unnaturaly”): 101 ff. 

Number 
of the whole: 56 
perfect: 53 
three: 56 

Numerology: 57 


Observation: 54, 223, 232 
evidence from: 216, 233 

Opposite: see “Contrariety” 

Organic Unity Schema: 133-135 

Organisms: 132 

Organon: 68 

Origin (Gey): 14 


Pedagogy: 66 
Perception: 52, 56 
authoritative data from: 52 
Physics: 219 
Place: 99, 119, 143, 153-155, 157- 
159 
existence and power of: 127-131 
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Place (continued) 
natural place: 98f., 126f. 
proper place: 120, 123, 128 
surface and: 129 f. 

Planet(s): 163-175 passim, 181 f., 
242f., 252, 255 


movement of: 169, 173, 175, 181- 


183, 256 
non-twinkling of: 167 
relative velocities of: 165 
spheres of: 204, 209, 242, 251 
Platonism: 171, 198 
Pneuma (mrvsdua): 247 f., 253, 255, 
261 
Possibility: 30, 48 
as capacities: 34, 37 
concept of: 32-34 
contingent: 48 
logical and epistemic: 67 
maximal: 31 
Potentiality: see “Nature, tendency 
towards” 
levels of: 151 
Passive potency: 147 
Purpose: 115 
Premises, general: 76 
Presocratics: 239 
Prime matter: 142 
Principle(s): 52, 215 
Privation, as contrary: 96f. 
Preternatural: 105-110 
Providence: 242, 244, 249, 252f., 
255 f., 258 f., 261 
Pythagoreans: 188-192, 198, 200, 
203, 211-213 


Qualities: 15, 140, 143, 257 


Rectilinear: see “Straight line” 
Right and left: 57, 187-190, 194, 
197-201, 203, 211 
posterior to above and below: 
203 
restricted to animals: 194 
zoological argument for: 204 
Receptacle: 16 


Self-motion: 14, 16, 148-150, 152 

Self-mover: 149 f., 152, 157 

Semen: 266 

Senses: 52, 196 

Similarities: 76 

Simple trajectories: see "Motion, 
simple” 

Simplicity 
geometrical (“simplicityg”): 92 
physical (“simplicityp”): 92 

Soul (Wwvyń): 12f., 16, 18, 24-26, 
258 
of outer sphere: 208 
of heavens: 209 
world soul: 14, 17, 26 

Square of opposition: 41 f., 46-49 
negations in: 42 

Star cults: 246 

Stoicism: 246-249, 253, 255 
doctrine of éxatewots: 248 

Straight line: 108-111, 114 

Sublunary region: 173 f., 178f., 181, 
184f., 226, 239 
celestial influences on: 239 
elements of: 51 
extremity of: 145 

Substance: 96, 128-130, 139f., 150, 
157-159 

Sun: 239-243, 254f., 259 
worship of: 246 

Supralunary region: 173 f., 178£., 
181, 183f. 


Teleology: 215-236 passim 
rain cycle and: 137 
Platonic: 13 

Tension (1óvoc): 249 

Timaeus: 9-27 passim, 29, 31, 137, 
212, 217, 228f., 248 

Time 
completeness: 36 
determinate: 44 f. 
duration: 31 
finite: 43 
infinite: 86, 113 
maximal: 32-38, 43f., 49 
unlimited: 32f., 36f., 44 
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Totality: 87, 119f., 122, 127f., 130- 
132, 136, 138 

Truth 
general and special: 66 
exoteric and esoteric: 66 
reliable guarantee of: 69 


Universe: 141, 159, 253 
center of: 142, 156 
extremity of: 142-144, 156 
perfection of: 170f. 
sphericity of: 17, 142 
Unmoved Mover: 94, 101, 249-252 


Up and down: 87, 99, 108, 111f., 
115, 126 


Venus (planet): 266 


Water (element): 141, 144-146, 
155f. 
as downwardly moving: 99f., 125 
Weight: 109, 115, 126, 139-143, 258 
absolute: 143, 146, 152 
infinite: 86 
relative: 125, 146 
rising and falling: 9o 
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